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(54) l\/lethod of obtaining a gas-introduced fiber-reinforced resin injection molding and molding 
obtained by the same 



(57) The present invention is directed to a method 
of obtaining a gas-introduced fiber- reinforced resin 
Injection molding and to a molding obtained by the 
method. According to the present invention, there can 
be obtained a lightweight gas-introduced fiber-rein- 
forced resin injection molding containing glass fibers or 
like fibers having excellent rigidity and strength and 
improved surface properties. The method includes the 
steps of: injecting into a die a molten resin obtained 
through the plastidzatioh of a molding nnaterial; and 
introducing gas into the molten resin, the molding mate- 
rial comprising fiber-containing thermoplastic resin pel- 



lets which contain reinforcing fibers having a length of 2 
mm to 100 mm, the reinforcing fibers accounting for 5% 
to 70% by weight of the molding material, the die includ- 
ing a movable die capable of advancing into and retreat- 
ing from the internal cavity of the die, wherein after the 
injection of the molten resin into the die cavity is started, 
the movable die Is retreated to a position where the die 
cavity assumes a volume corresponding to the molding, 
and gas is introduced into the molten resin filling the die 
cavity. 
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Description 

BACKGROUND OF THE INVENTION 
s Reldoflhelrwenfion: 



duced fiber-reinforced resin injection nuM^ cm^^^l^^ ^ "9*^«'9>« Sas-"*^- 

strength and improved surface pn:,perS ^wS^to1 S^J!^l°'l t 't^^ ^ ""^"^ ^^^"^ "^^^ 
Art: *^ ^ ■^'*'®"^**'^"*"*"9 obtained by the method. Description of the Related 

such^X'^s^.trur.srce^^^^^^^ 

ance. f Iber-reirrforced resin moldings v^^ y^lS tolS^m^m "9''**^' ^"'^ 

door steps, roof racks, rear quarter panelTaSSSSn^rr^ ^""^ ''"'^^^ absorbers, 

such as outer wall panels, partition ^Sl^S^^^^^' ''"■'"''"S ^ members. 

cont2;2;'S;;isTe«^^i^^^^^^ 

a complicated shape and can advamS^J ^i^i^^" "^^^ manufacture a molding having 

molding cycle can be repeated continuo.^^ ^ *® ^"^ ^"^^ ^ predetermined 

amorof f;?.rjraC^ iC!^^^ Of increasing the 

ufactured molding. Wdi^ly^TeTprJ^'^T^^^^^^^ '° '^'^ of a Ln- 

mixedly added to a material resin in orde^ to r^JacrthrTeiaX^Sw '^l ^ 

and molded (Japanese Patent Application i^S^^SlS 7-^^! " "^"^^^ 

e^en^rn r-f^mraS^^^^^^^ ^y^^e a^moir ^ ^^"^ ^ ^^^^^ ~ 

ing-^^^SeXS^etTciS^^^^^^ 

acteristics such as strength, rigidity, rnd^^Trt r^SancTllTT^^ satisfactory mechanical char- 

Thus, in order to attain a r^r^r^!^ ^? ^ *° * ''^"o* *°""ed therein, 
such as sirength^S L C« S"^^^^^ o»»-cteristics. 
ing methods (1) and (2) have ah^dy toS^roJieS! ^ appearance quality, the following expansion mold- 

ment'^f'me^Sn'S Ztt^SS '"'^^ ' "^^^'^ht f^er-reinforced resin moving vWthout impair- 

« tively""*""^' "^"'"^ "^^^ - (1) and (2) involve the following problems a, and b). respec- 

^^^T^'r^^ZT^^^^ - possfele, an .jeCion molding machine and a 

flow passage of a diameter laroertteri l^^n ^^"'^'^ ''^^^"^ t° ^'ave a molten-resin 

to prevent the breatege J rlXSiJe^^^'^^^ l"'"''^'- ^ '-"ed sTa^ • 

Also, when an B>v>ansi^^olinc^^^"^^^ ^ ""^ ^ ^««*9"ed acco«lingly. 

ten resin increase in^^^e 2^'^ '^^^ '^"^ ^ -'^'^ of a molding, pores presem in a md- 
molten resin. expansion of the molten resin, causing a reduction in thermal conductivity of the 

stow2^rcSLTe"s:re^s:tor^^^^ 

Even when the molten resin fe^Xthruoh^^^^ 'J^^^ coo's 
undergoes thermal shrinkage sinceThTSife^^S^ ^- =^""9^* Phenomenon, the entire resin 

be formed on the surface of a moSng '^'^^^ of the resin drops. As a result, a sink mark is likely to 



10 



15 



20 



25 



30 



35 



40 



SO 



55 



3NS0OCID: <EP 



* ^0876891 A1J.> 



EP0 876 891 A1 



b) A gas generated from a foaming agent during molding enters between the surface of a molten resin and the 
molding surface of a die, often causing the formation of silver mark on the surface of a molding. Further, the gas 
ejected to the exterior of the die raises a problem of unfavorable odor. 

Also, as a result of the residual pressure of the gas generated from a foaming agent, a molten resin is apt to 
5 ooze down from the nozzle of an injection apparatus when the nozzle is separated from the die. That is, a drawing 

phenomenon is likely to occur. 

Further, as in the problem mentioned above in a), because of the presence of pores and bubbles within a molten 
resin, cooling the entire molten resin takes time. Thus, even when the molten resin is expanded through the utilization 
10 of a springback phenomenon, a sink mark is likely to be formed on the surface of a molding due to thermal shrinkage. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method of obtaining a gas-introduced fiber-reinforced resin injec- 

15 tion molding capable of reducing the weight of a molding having excellent mechanical characteristics such as strength, 
rigidity, and heat resistance, irrespective of the shape of tiie molding, and capable of imparting to the molding excellent 
appearance free of sink mark and like defects, as welt as to provide a molding obtained by the same. 

According to a first aspect of the present invention, there is provided a method of obtaining a gas-introduced fiber- 
reinforced resin injection molding, comprising the steps of: injecting into a die a molten resin obtained through the plas- 

20 ticization of a molding material; and introducing gas irtto tiie molten resin, the mokiing material comprising fiber-con- 
taining thermoplastic resin pellets which contain reinforcing fbers having a length of 2 mm to 100 mm, the reirvforcing 
fibers accounting for 5% to 70% by weight of the molding material, the die including a movable die capable of advancing 
into and retreating from the internal cavity of the die. wherein after the injection of the molten resin into the die cavity is 
started, tiie movable die is retreated to a position where the die cavity assumes a volume corresponding to the molding, 

25 and gas is introduced into the molten resin filling the die cavity. 

The present invention uses a predetermined amourrt of reinforcing fibers having a predetermined length. The rein- 
forcing fibers contained in the molten resin have a length such that they are seldom broken even when an ordinary die 
and an ordinary injection apparatus are used. Also, the reinforcing fibers are of a sufficient length and are contained in 
a sufficient amount to effect a springback phenomenon. As the springback phenomenon progresses, small bubbles are 

30 formed within the molten resin and grow into continuous pores, thereby forming a three-dimensional web-like resin 
structure. Subsequently, the molten resin is cooled while such a porous resin structure is maintained. As a result, a suf- 
f icientiy lightweight molding having high strength can be obtained. 

In the present invention, after the injection of the molten resin into the die cavity is started, the movable die is 
retreated to a position where the die cavity assumes a volume corresponding to a molding, and gas is introduced into 

35 the molten resin filling the die cavity. The introduction of gas not only accelerates the cooling of the molten resin but also ^ 
assists the springback phenomenon of reinforcing fibers in effecting the formation of a three-dimensional web-like 
porous resin structure. 

Specifically, in the case of a springback force being weak due to a relatively low content of reinforcing fbers. even: 
when continuous small bubbles or pores are formed within a molten resin, the subsequent retreat of the movable die 

40 may cause the bubbles or pores to become nonuniform or to be biased, a sink mark may be formed on the surface of a 
molding, or the molten resin may separate from the molding surface of the die with a resultant failure to obtain a molding 
having a targeted shape. By contrast, when gas is introduced into pores formed of small continuous bubbles formed 
through the springback phenomenon of reinforcing fibers, the pores are uniformly filled with gas and expanded by the 
uniformly applied pressure of the introduced gas. Accordingly, when the movable die is reti-eated, the molten resin reli- 

45 ably expands to the volume of a molding and assumes a uniformly formed three-dimensional web-like porous resin 
structure- 
In this case, the introduction of gas, performed after the injection of the molten resin into the die cavity Is started, is 
preferably performed after small bubbles, formed through the springback phenomenon of reinforcing fibers effected in 
association witii the retreat of the movable die, grow to continuous pores, particularly preferably while the movable die 

so is retreating. When gas is introduced into the molten resin before continuous bubbles or pores are formed, the gas fails 
to be distributed tiiroughout the bubbles or pores, and mere portions of bubbles or pores are expanded. As a result, rel- 
atively large hollows are formed in a nonuniform, biased manner in a molding, and thus the molding may fail to attain 
satisfactory strength. 

When, because of a sufficiently high content of reinforcing fibers, a springback force is sufficientiy sbx)ng to form a 
55 uniform three-dimensional web-like porous resin structure merely ttirough the utilization of the springback phenome- 
non, gas may be introduced into a molten resin after continuous pores are formed through the springback phenomenon 
of reinforcing fbers. but is preferably introduced after the movable die retreats to a position where the die cavity 
assumes a volume corresponding to a molding. 
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relatively low pressurecanLmpIeShliSS 

not involve the occurrence of gas leaSoe bS, fte 'T' "*«*"<=«0" of a low-pressure gas 

thus prevents the occurrence? ^ '^''^ 

cure^rrir Sn'i: ir^g-ainLTe 'To:^::^::z;^^T^j: ^ ^ 

and cures while maintaining dose contact betw^Ti^^cTr^l^'^! ^'^"^ introduced gas and cools 
When the molten resin undergoes then^^^SS. ~^o?s p^^^lS^^^ °' ^ ^"^'"Sly. ev^ 
m s«e wrthout the formation of appearance defects luTl^ s^k ,^^rtS '"^^^'^ 
Since the pressure of the introduced aas hoS ar^itfn rIL the surface of a molding. 

«ual to th., ot the ,esin cMs ana a»»^ " 1^ fite.^ l«v,™g a te,^ 

reinforcing 

the SCTew of an injection apparatus *® P®"^*^ elasBcized and Kneaded by 

™« a .aaultam inPa>r«„,appo»a„o.oia .W^. fiXTS^^.^T** =">^"»*™y'»<=med 
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Generally, as the pressure of gas decreases, the. possibility of formation of a relatively large hollow wrthin a resin 
also decreases. As a result, a molding can more reliably assume a required strength. Also, gas leakage between the 
surface of a molten resin and the molding surface of a die is less likely to occur, thereby decreasing the possibility of i 
occurrence of appearance defects such as silver mark. 

5 The reason why gas having a relatively low pressure can be introduced into a molten resin is that numerous con- 

tinuous pores are formed in the molten resin through the utilization of springback phenomenon of fibers. By contrast. > 
when only a foaming agent is used without the utilization of the springback phenomenon, mere independent bubbles 
can be formed. Thus, the introduction of a low-pressure gas to be performed in the case of utilizing the springback phe- 
nomenon, is difficult to perform. 

10 When the pressure of gas is in excess of 200 kg/cm^, there may often occur gas leakage between the surface of a 
molten resin and the molding surface of a die, or a relatively targe hollow may be formed. Thus, appearance defects, 
such as silver mark, and functional defects, such as an impairment of strength, caused by a large hollow are highly likely 
to occur. 

Preferably. In a cooling step, gas is circulated in and discharged from a nmtten resin so as to quickly cool the molten 
75 resin. 

In the present invention, gas may be introduced into a molten resin through a gas nozzle provided within the nozzle 
of an injection apparatus, which piasticizes a molding material and injects into the cavity of a die a molten resin obtained 
through the plastictzation. Alternatively, gas may be introduced into the molten resin through a pin-and-sleeve arrange- 
ment provided in the die and opening to a sprue, runner, or die cavity. 

20 Preferably, gas is introduced into a molten resin through a pin-and-sleeve arrangement provided in a die. More pref- 
erably, the pin-and-sleeve arrangement opens to a die cavity. 

Preferably, the pin-and-sleeve arrangerhent Includes a sleeve element, a pin element inserted into the sleeve ele- 
ment, and a gas flow passage defined by the sleeve element and the pin element, and the end portion of the sleeye ' 4 
element projects farther toward the gas outlet side than does the tip of the pin element. I * . : >. ^ l> 

25 The surface layer of a fiber-reinforced resin molding has a strength higher than that of an ordinary resin molding. h 
The employment of the above-mentioned pin-and-sleeve arrangement enables gas to break through the surface layer, - a 
irrespective of molding material and molding conditions, and thus enables gas to be sufficiently introduced into a rein- 
forcing-fiber-contalning resin. Thus, the formation of a sink mark or a like defect can be reliably prevented. . - 

Specifically, the surface layer of a molten resin (molding) in contact with the molding surface of a die is cooled more 

30 than is the interior of the molten resin. Accordingly, when an employed pin-and-sleeve arrangement is such that the tip I 
of the pin element projects from the sleeve element, a low-pressure gas may not be able to break through the surface . : 

layer of the molten resin ancl may thus enter between the surface of the molten resin and the molding surface of the die 4 
instead of entering the molten resin. In this case, even when the low-pressure gas can break through the surface layer 
to thereby form a gas inlet bore in the surface layer, the cross-sectional area of the gas inlet bore tends to be smaller : 

35 than that of the gas flow passage of the pin-and-sleeve arrangement. As a result, a required amount of gas may not be ; 
introduced into the molten resin. 

In order to solve this problem and introduce a sufficient amount of gas into a molten resin, a high-pressure gas may 
be used. However, the use of high-pressure gas Involves a problem that a large hollow is formed within a molding with 
a resultant impairment of strength of the molding. 

40 By contrast, in the case of the above-mentioned pin-and-sleeve arrangement of the invention, the end portion of the 
sleeve element projects farther toward the gas outlet side than does the tip of the pin element. Accordingly, gas dis- 
charged from a gas flow passage collects in and fills an end space defined by the tip of the pin element arxj the sleeve 
element. As a result, the pressure of gas collecting in the end space increases. When the gas pressure increases suf- 
ficiently to break through the surface layer of a molten resin (molding), the gas breaks through the surface layer to 

45 thereby form in the surface layer a gas Inlet bore having a cross-sectional area larger than that of the gas flow passage. 
That is. there is formed in the surface layer a gas Inlet bore having a cross-sectional area and shape substantially sim- 
ilar to those of the gas -outlet-side end opening of the sleeve element. Gas is introduced into the molten resin through 
the thus-formed gas inlet bore. 

As described above, even when the pressure of gas introduced into the gas flow passage is relatively low, the gas 

so pressure can be increased within the end space so as to break through the surface layer of a molten resin. Thus, gas 
can be reliably introduced into the molten resin. Further, since there is formed in the surface layer a gas inlet bore hav- 
ing a cross-sectional area larger than that of the gas flow passage, a sufficient amount of gas can be Introduced into 
the molten resin. Accordingly, the rnotten resin is cooled while being pressed against the molding surface of the die by 
the pressure of the introduced gas; thus, a skin layer is formed in the surface layer of a molding, thereby reliably pre- 
ss venting the occurrence of appearance defects such as sink mark. 

Further, as soon as gas collecting in the end space reaches a sufficient pressure to break through the surface layer 
of a molten resin, the gas breaks through the surface layer, so that the gas pressure Is prevented from increasing exces- 
sively. Accordingly, the pressure of gas to be introduced into a molten resin can be minimized to a level required for 
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«[^lL"£!l'°"?lL*® ^"'^'f . gas-induced formation of a large fKiliow within a molding. Thus 

excellent strength can reliably be imparted to the molding. » «. 

Through use of a molten resin containing reinforcing fibers as a molding material, favorable mechanical character- 
ises are inparted to a molding. Further, after the injection of a molten resin into a die cavity is started or after the iniec- 
tonof a molten res.n has been perfomied. there are performed a step of expanding the die cavity aXaHTof 
^ °' can complement the springback-effected expanScS 

w*2L !^^H K "'"^ """"^^.r "^^'^ '^^^ ^^'"9 -"O"*®" ^esin. Accordingly, there is obtainSatoW- 
weight molding having excellent mechanical characteristics with respect to unit weight eaai'gm 
recomr^J^*i?if J? P^"-^^-^^^^^ arrangement may be pointed. However, this is not 

recommended for the following reason. When gas is discharged from the gas flow passage of the pin-and-sleeve 
S^^f 2 "^'^ °* arrangement, the gas presses a moSen rL. At misTnTrt tZ- 

nin ^l^Z 'P^''^ distributed such that the distance between the molten resin and the tip 

o h„1r " « the tip Of the pin element is polmed. the surface of the molten resiS 

pre^ by ttie gas assumes a conical shape corresponding to the pointed profile of the tip of the pin element TTius 

2> *e m?eJ°rSr'**^ ^ "^"^ ^""^ "^^'^'^ "^^ 

<^Z'I'^:'S:''ofZ%V^:i e.ememonthegasout.etsidepreterab.y hasaflatsurfaces^ntiallyperpen. 

Through use of ttie flat-ended pin element, a sufficient amount of gas can be reliably introduced into the molten 
resin. ther*y nrore reliably preventing the occurrence of a sink mark or a like defect. Further, since the pin element has 
a s^mpl^ shape, manufacture can be facilitated. The favorable effect of the flat end of the pin element conceivably 

f JS^I^Tmk^ I ^ r° °" °^ ^ 9^ so that the gas can unHomily fill the 

end space of the pin-and-sleeve arrangement j ««» 

wmlll®*^^^^ element and the pin element may have the following structure: the sleeve element is cylindrically 
formed. «ie pm element is formed substantially in the shape of the letter T and includes a pin body inserti into the 
Sleeve element and an anchorage portion, which is provided at the gas-inlet-side base end of the pin body and covers 
Jli^slge "^"'^ anchorage portion serve as a gas inlet to a 

lion '^H t^"^ substantially in the shape of the letter T has the anchorage por- 

^ ^'^ introduced into a gas flow passage through the slits 

tomed in the anchorage portion, the gas flow functions to press the anchorage portion against the gas-inlLide eiS 
of the sleeve element, thereby reliably preventing the pin element from separating from the sleeve element 

n 1 r^il?^" 9*^-°"*^-^'^® end of the sleeve element protects beyond the tip of the pin element in an amount of 

u- 1 mm TO o mm. 

i^JJl'Z^"^ *^ pr^ection is less than 0.1 mm. a sufficient end space Is not obtained, resulting in a potential 
farfure to introduce a required amount of gas into a molten resin. If the amount of the projection is in excess of 3 mm a 
molding may not smoothly separate from the pin-and-sleeve arrangement in the step of removing the molding from' a 

imn lir!! * pin-and-sleeve arrangement may be provided in a die. However, in order to uniformly introduce gas 
SJ^e naf "1 ™r '^" Z^^- a plurality of pin-and-sleeve arrangements are provided in a die so as to ii^o- 
duce gas into a molten resin from two or more positions. " 

In order to obtain a molding having excellent appearance, a pin-and-sleeve arrangement is preferably located in a 
die at a molding- surface opposite that conesponding to the facing surface of a molding 

linu^r!!^,^^ invention, in addition to gas. a liquid coolant may be intixxluced into a molten resin. The introduced 
liquid coolant is usually released to the exterior of a die through vaporization. 

When a liquid coolant, together with gas. is introduced into a molten resin, even a small amount of liquid coolant 
removes a large quantity of heat from inside the molten resin, since the thermal capacity of liquid coolarrt is larae^ 

the molten resm through the removal of heat in the form of heat of vaporization a«« 
««r^^oc " into a molten resin by means of gas. The thus-introduced liquid coolant 

^aporates the molten resin, and the vapor is discharged to the exterior of a die. Thus, heat Is not accumulated 
««ftH^tt,emolten resin, so thata molding isrellably cooled. F^^^^^ 

SrSfc 1 ?r f ° ""^ *^ ^^"'^ °* "rtr^du'^ed gas. whereby the molten resin cools a.^ cures 

or a hte defect is not fomied on the surface of a molding. Also, since the surface of the molten resin is «)ntinuaSh^ 

^f^""^ °* t^'^ pressure of the introduced gas. the cooling of the molten resin t 

accelerated. This reduces cooling time significantly ■ < eo" • » 

Cooling through use of a liquid coolant is particularly effective for a molding integrally coated with a facing material 
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whose cx)oiing time is more than twice that of an ordinary molding since the facing material serves as a heat insulator 
to thereby retard cooling through a die. 

In the case of introducing gas and a liquid coolant into a molten resin, only gas may be first introduced into the mol- 
ten resin, and then the liquid coolant, together with gas, may be introduced into the molten resin. 

In doing so. the initially introduced gas complements the springback-effected expansion of the molten resin to 
thereby uniformly form pores in the molten resin. Thus, in the subsequent introduction of gas and liquid coolant the liq- 
uid coolant is reliably introduced into the uniformly formed pores by means of the gas. Through the vaporization of the 
introduced liquid coolant, heat Is sufficiently removed from the molten resin, thereby accelerating the uniform cooling of 
a molding. 

In the present invention, a facing material to cover a molding can be attached to the aforementioned die prior to 
start of molding. 

Through use of such a die to which a facing material is previously attached, a laminated molding covered with the 
facing material can be obtained. 

Examples of such a facing material include single-layer materials, such as woven fabrics, nonwoven fabrics, ther- 
moplastic resin facing materials, expanded thermoplastic resin facing materials, and films printed with patterns or the 
like; and muKiiayered facing materials, such as a thermoplastic elastomer, vinyl chloride resin, or a like facing material 
which is lined with a thermoplastic resin, an expanded thermoplastic resin, or the like. 

A thermoplastic resin serving as a main component of resin pellets is not particularly limited. Examples of such a 
thermoplastic resin include polyolefin resins such as polypropylene, propylene-ethylene block copolymers, propylene- 
ethylene random copolymers, and polyethylene; polystyrene resins; ABS resins; polyvinyl chloride resins, polyamide 
resins, polyester resins, polyacetal resins, polycarbonate resins, aromatic polyether or thioether resins, aromatic poly- 
ester resins, polysulfone resins, and acrylate resins. 

The above thermoplastic resins may be used singly or in combination. 

Among the thermoplastic resins, preferable are polypropylene resins, such as polypropylene, block or random 
copolymers of propylene and another olefin, and mixtures thereof, and particularly preferable are polypropylene resins 
which contain a polyolefin resin modified with an unsaturated carboxylic acid or its derivative. 

Examples of reinforcing fibers to be contained in the aforementioned resin pellets include fibers shown below in (1) 
to (4). Particularly preferably, glass fibers are employed. 

(1) Ceramic fibers: boron fibers, silicon carbide fibers, alumina fibers, silicon nitride fibers, zirconia fibers 

(2) Inorganic fibers: glass fibers, cartx)n fibers 

(3) Metallic f bers: copper fibers, brass fibers, steel fibers, stainless steel fibers, aluminum fibers, aluminum alloy 
fibers 

(4) Organic fibers: polyester fibers, polyamide fibers, aramid fibers, Kevlar (trade name) fibers, polyarylate fibers 

Glass fibers to be contained in resin pellets are E-glass or S-glass fit>ers having an average fiber diameter not 
greater than 25 ^m, preferably 3 |im to 20 ^im. 

When the glass fiber diameter is less than 3 ^m, glass fibers do not Intimately contact a resin, and thus the impreg- 
nation of glass fibers with a resin becomes difficult to perform during the manufacture of pellets. By contrast, when the 
glass fiber diameter Is in excess of 20 ^m, the glass fibers are likely to break or chip during melting and kneading. 

In the manufacture of pellets from any of the above thermoplastic resins and glass fibers through pultrusion or solu- 
tion impregnation, glass fibers are surface-treated through use of a coupling agent and are subsequently bundled in 
groups of 100 fibers to 10.000 fbers, preferably 150 fibers to 5,000 fibers, through use of a binder. 

The coupling agent may be selected as adequate from among conventional so-called silane coupling agents and 
titanium coupling agents. 

Examples of such a coupling agent include amino silanes or epoxy silanes, such as r-aminopropyltriethoxysilane. 
N-p-(aminoethyl)^-aminopropyltrimethoxysilane. y-glycidoxypropyltrimethoxysilane, and p-(3,4-epoxycyclohexyl)ethylt- 
rimethoxysilane. Particularly, the former amino silane compounds are preferable. 

Exanple methods of surface-treating glass fibers through use of such a coupling agent include a sizing process, a 
dry mixing method, and a spraying method. In the sizing process, a coupling agent is mixed into an organic solvent to 
obtain an organic solution or suspension, and subsequently the thus-obtained solution or suspension, serving as a so- 
called sizing agent, is applied to glass fibers. 

In the surface treatment of glass fibers, in addition to the aforementioned coupling agent, a film-forming substance 
for glass may be used. Examples of such a film-forming substance include polyesters, urethane polymers, epoxy poly- 
mers, acrylic polymers, vinyl acetate polymers, arxi isocyanate polymers, with urethane polymers and olefin polymers 
being prefenred. 

Exannples of a binder include urethane compounds, olefin compounds, acrylic compounds, butadiene conrpounds, 
and epoxy compounds. Of these, urethane compounds and olefin compounds are particularly preferred. 
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^-^-^ 'Hclude polyolefn re^ns modified wHh an unsatu^ted carboxylic add or a derivath^ 

;2n' *^ *n -e.?^^^^ » ^ to impregnate the bundle^w^^e 

res.n and subsequently the bundle ot fibers is «Lsrt to Z ! *° impregnate the bundle with the 

bundle Of fibers IS forcibly spread through Si cTa^fso K^2|! o'S"' '^''^ ' adheCJa 
A^so. a pultrusion process combined with pre^Jn i™^.?^^ ^^'^ 'mpregnated with the resin. 

The thgs.tomi«d bunite of torn ttiV,^ ^ surtacw of gfass ft^ ""^ 

aMtnoarbonaes., "''**'""»'Wi«s.i«rites.fiydriae5 caitonaes 

.* ff.e die inoludlng . n».M» a. c2a^ ^^1*7^^^^^ 

^ = ^ co„.e^, „ ^ -tnS'J^ ."TJ^Tr^^^^ 

eltoox* oi ih. fiko of WraptrtMon mSn^I^r 7 Jf* »"tomol!ll, pans liivn»« tl» ineei™iJ 

vw,entheVe:s:r:c^ sr'gTa::^^^^^^^ 

ess^ minimum strength. Bghtness. and ip^^ciTnd tZ" f^"!^ """"'"^ "'"^^^^ 

By contrast, when the averaoe lenofh nf rJ^,!^ ^ ' ''^ "^ed in various applications 

to insufficient presence of reinforcing fibers. °* ^ Po^ion may decrease due 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view showing the entirety of an injection molding machine according to a first embodiment and the 
like of the present invention; 

5 FIG. 2A is a view showing a step of molding procedure according to the first embodiment of the present invention; 

FIG. 2B is a view showing a step of molding procedure according to the first embodiment; 

FIG. 3A is a view showing a step of molding procedure according to a second embodiment of the present invention; 

FIG. 38 is a view showing a step of molding procedure according to the second embodiment; 

FIG. 3C is a view showing a step of molding procedure according to the second embodiment; 
10 FIG. 4A is a view showing a step of molding procedure according to a third embodiment of the present Invention; 

FIG. 48 is a view showing a step of molding procedure according to the third embodiment; 

FIG. 40 is a view showing a step of molding procedure according to the third embodiment; 

FIG. 5 is a side view showing the entirety of an Injection molding machine according to a fourth embodiment of the 

present invention; 

IS FIG. 6 is a sectional view showing an engagement mechanism of a pin-and-sleeve arrangement according to the 
fourth embodiment; 

FIG. 7 IS a perspective view showing a pin element of the pin-and-sleeve arrangement according to the fourth 
embodiment; 

FIG. 8 is a view showing the pin element of the pin-and-sleeve arrangement according to the fourth embodiment; 
20 FIG. 9A is a view showing a step of molding procedure according to the fourth embodiment; 

FIG. 98 is a view showing a step of molding procedure according to the fourth embodiment; 

FIG. 9C is a vievy showing a step of molding procedure according to the fourth embodiment; 

FIG. 10 is a sectional view showing a pin-and-sleeve arrangement other than that used in the fourth embodiment; 

FIG. 11 is a side view showing the entirety of an injection molding machine according to a fifth embodiment of the 
25 present invention; 

FIG. 12 is a sectional view showing a connecting portion between a refrigerant feeding apparatus and a gas injec- 
tion apparatus according to the fifth embodiment; ^ ^ 
FIG. 13A is a view showing a step of molding procedure according to the fifth embodiment; i . 
FIG. 1 SB is a view showing a step of molding procedure according to the fifth embodiment; 
30 FIG. 14A is a view showing a step of procedure of feeding liquid refrigerant and gas according to the fifth embodi- 
ment; '\ 
FIG. 148 is a view sho>A^ing a step of procedure of feeding liquid refrigerant and gas according to the fifth embodi- 
ment; 

FIG. 1 4C is a view showing a step of procedure of feeding liquid refrigerant and gas according to the fifth embodi- 
35 ment; 

FIG, 14D is a view showing a step of procedure of feeding liquid refrigerant and gas according to the fifth embodi- 
ment; 

FIG. 15A is a view showing a step of molding procedure according to a sixth emkxxjiment of the present invention; 
FIG. 1 58 is a view showing a step of molding procedure according to the sixth embodiment; 
40 FIG. 1 5C is a view showing a step of molding procedure according to the sixth emtxxliment; 

FIG. 1 6A is a view showing a step of molding procedure according to a seventh emtxxJiment of the present inven- 
tion; 

FIG. 168 is a view showing a step of molding procedure according to the seventh embodiment; 
FIG. 16C Is a view showing a step of molding procedure according to the seventh embodiment; 
45 FIG. 1 7 is a plan view showing a molding obtained according to the first embodiment and the like of the present 
invention; 

FIG. 18 is a side view showing a molding obtained according to the fifth embodiment and the like of the present 
invention; and 

FIG. 19 is a sectional view showing a facing material employed in the sixth embodiment and the like of the present 
so invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will now be descrtoed with reference to the drawings, 
55 Fig. 1 shows an injection molding machine 1 according to a first embodiment of the present invention. The injection 
molding machine 1 includes a stationary die 10A and a movable die 108. The stationary die IDA. the oKsvable die 108. 
and a cavity IOC constitute a die 10. A molten resin is injected into the cavity IOC so as to obtain a molding. 

The injection molding machine 1 has an injection apparatus 1 A for injecting a molten resin into the die 10, a sta- 
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deslrsdlBerMlon. ^™~'"'""'°""'°'~»«»'S*s-movino«pparatie201ope.toma 

,i»mo«s..„-.e.r^„to^«.^-:snit^retrr,s^o3-^^^ 

Next, a molding procedure of the presem embodimem wai be d^^^ 
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First, the die 1 0 is attached to the injection molding machine 1 , and resin pellets are charged into the injection cyl- 
inder 1 1 of the injection apparatus 1 A. Then, the injection molding machine 1 is started, thus starting to plastidze and 
knead resin pellets contained in the injection cylinder 11. 

The resin pellets employed herein are primarily formed from polypropylene and have a length of 2 to 100 mm. The ^. 
5 resin pellets contain, in an amount of 20% to 80% by weight, reinforcing fibers which have a length equal to that of the 
resin pellets and are arranged in parallel. In the case of a mixture of the resin pellets and other pellets not containing 
reinforcing fibers, the mixture contains reinforcing fibers in an amount of 5% to 70% by weight, preferably 5% to 60% by 
weight. 

In the injection cylinder 11, resin pellets are sufficiently plasticized and kneaded such that countless glass fibers 
10 are uniformly distributed in a molten resin and intertwined, thus facilitating the occurrence of a springback phenomenon. 

The die-clamping apparatus 5 is activated so as to move-the movable die plate 4 toward the stationary die plate 3, 
causing the clamping-force-bearing block 3B on the side of the movable die plate 4 to abut against the ctamping-force- 
bearrng block 3A on the side of the stationary die plate 3. 

Next, the die-moving apparatus 20 is activated so as to move the movable die 10B to position S where the cavity 
IS IOC of the die 10 assumes a volume smaller than that corresponding to a molding, as shown in Fig. 2 (A). The thickness 
of the cavity 1 DC becomes t1 . . 

In this case, t2/t1 can be set at the range between 12 and 6.0, where tl denotes the tiiickness of the cavity IOC 
defined by the movable die 10B located in position S and t2 denotes the thickness of the cavity IOC having a volume 
corresponding to a molding. 

20 In the above-mentioned state, a molten resin is injected into the die 10 from the injection apparatus 1 A. The cavity 
IOC. having a volume smaller than that corresponding to a molding, is filled with the molten resin, which is closely 
pressed against tiie molding surface of the die 10 by an injection pressure. Thus, the injection of the molten resin is . 
completed. . ^ 

Immediately before or after the completion of injection of the molten resin or after the elapse of a predetermined -ii 
25 time following the completion of Injection of the molten resin, the die-moving apparatus 20 is activated so as to retreat . - 
the movable die 108 to position T where the cavity IOC of the die 10 assumes a volume corresponding to a molding! x 
as showvn in Fig. 2(B). The tiiickness of the cavity IOC becomes t2. 

During the time between the completion of injection of the molten resin and the arrival of the movable die 10B at 
the position T, the surface of tiie molten resin contained in the die 10 Is cooled, thereby forming a skin layer in tiie sur- 
30 faceof the molten resin (nrwiding). 

When the movable die 1 0B is to be retreated after tiie conpletion of injection of the molten resin, the time between , 
the completion of the Injectldn and the start of the retreat may be set at the range between 0 and 10 seconds, depend- . 
ing on the temperature of the die 1 0. 

The retreat rate Vr of the movable die 10B is 0.05 mm/sec to 100 mm/sec. preferably 0.05 mm/sec to 50 mm/sec. 
35 When the movable die 1 0B is retreated, a springback phenomenon causes the molten resin to expand. Specifically, 
glass fibers contained in the molten resin are released from compression and thus apply an elastic restoring force to . 
the molten resin; consequentiy, tiie molten resin expands, thereby forming countless pores within the molten resin. 
Thus, there is obtained a lightweight molding having a volume greater than that of the molding material employed. . . . 
As soon as tine movable die 10B reaches tiie position T, gas is introduced into the molten resin ttirough the pin-and- 
40 sleeve arrangement 1 3. Through tiie introduction of gas at this point of time, the gas is introduced into the molten resin 
before tiie molten resin contained in the die 10 is completely cooled and cured. 

The gas introduced Into the molten resin is distributed into countiess pores formed in the molten resin; thus, a large 
hollow is not formed in the molten resin. 

Also, the molten resin is pressed against the molding surface of the die 1 0 from inside by the pressure of the Intro- 
45 duced gas and cooled and cured while maintaining close contact between its surface and the molding surface of the die 
10. Accordingly, even when the molten resin undergoes thermal shrinkage subsequent to cooling and curing, numerous 
pores formed within the molten resin merely increase in size without the formation of appearance defects, such as sink 
marK on the surface of a molding. 

The gas introduced into the molten resin is set at a pressure of 0. 1 kg/cm2 to 20 kg/cm2 and higher than a set pres- 
50 sure of the aforementioned pressure-regulating valve. 

Accordingly, the gas introduced into the molten resin is maintained at a predetermined pressure by the pressure- 
regulating valve and partially released to the exterior of the die 1 0. Through the partial release of gas, the interior of the 
molten resin is cooled; thus, cooling time for the molten resin is reduced. 

In this case, cooling efficiency is improved through use of a cooling gas having a temperature not higher than 15**C. 
55 preferably not higher than 0*C. 

After the elapse of a predeterrrnned time required for sufficientiy cooling a molding, the die-clamping apparatus 5 
is activated so as to retreat the movable die plate 4 and open the die 10. Then, the molding Is removed from the Interior 
of the die 10. tiiereby completing tiie molding operation. Subsequently, the above molding operation is repeated as 
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the second embodiment employs the injection molding machine 1 employed in the first embodiment, the description of 
the injection molding machine 1 is omitted. 

First, the die 10 is attached to the injection molding machine 1, and resin pellets are charged into the injection cyl: 
inder 11 of the injection apparatus 1 A. Then, the injection molding machine 1 is started, thus starting to plastidze and 
5 knead resin pellets contained in the injection cylinder 11. 

As in the first embodiment described above, the resin pellets employed herein are primarily formed from polypro- 
pylene and have a length of 2 to 100 mm. The resin pellets contain, in an amount of 20% to 80% by weight, reinforcing 
fibers which have a length equal to that of the resin pellets and are arranged in parallel. In the case of a mixture of the 
resin pellets and other pellets not containing reinforcing fit^rs, the mixture contains reinforcing fibers in an amount of 
10 5% to 70% by weight, preferably 5% to 60% by weight. 

In the injection cylinder 1 1 . resin pellets are sufficiently plasticized and kneaded such that countless glass fibers 
are uniformly distributed in a molten resin and intertwined, thus facilitating the occun^ence of a springback phenomenon. 

The die-clamping apparatus 5 is activated so as to move the movable die plate 4 toward the stationary die plate 3, 
causing the clamping-force-bearing block 3B on the side of the movable die plate 4 to abut against the clamping-force- 
75 bearing block 3 A on the side of the stationary die plate 3. 

Next, the die-moving apparatus 20 is activated so as to move the movable die 10B to position U where the cavity 
IOC of the die 1 0 assumes a volume larger than that of all the molten resin to be injected into the cavity IOC, as shown 
in Fig. 3 (A). The thickness of the cavity IOC becomes t3. 

In the above-mentioned state, a molten resin is injected into the die 10 from the injection apparatus 1A. When all 
20 the molten resin is injected into the cavity IOC, the injection of the molten resin is completed. 

Immediately before or after the completion of injection of the molten resin or after the elapse of a predetermined 
time following the completion of injection of the molten resin, the die-moving apparatus 20 is activated so as to advance 
the movable die 1 0B to position V where the cavity 1 0C of the die 1 0 assumes a volume smaller than that corresponding ^ ^ 
to a molding, as shown in Fig 3(B). The thickness of the cavity IOC becomes t4. ^ f < 

25 As a result of the advancement of the movable die 1 0B. the molten resin contained in the cavity 1 0C is compressed 

and thus closely pressed against the molding surface of the die 10 by a compressive force applied to the molten resirij ) 
Accordingly, a skin layer is formed on the surface of the molten resin. ;r i 

As soon as the movable die 10B reaches the position V, the movable die 10B is retreated to position W where the ; 
cavity IOC of the die 10 assumes a volume corresponding to a molding. The thickness of the cavity 10C becomes t5. ' 
30 During the retreat of the movable die 10B to the position W. the surface of the molten resin is cooled, thereby secur- 
ing the skin layer formed on the surface of the molten resin. 

The retreat rate Vr of tite movable die 10B is 0.05 mm/sec to 100 mm/sec, preferably 0.05 mnVsec to 50 mm/sec. * 

When the movable die 10B is retreated, a springback phenomenon is accelerated and causes the molten resin..to - 
expand. Specrficaily. glass fibers contained in the molten resin are released from compression and thus apply an elastic 
35 restoring force to the molten resin; consequentiy, the molten resin expands, tiiereby forming courrtless pores within the ; - ■ 

molten resin. Thus, there is obtained a lightweight molding having a volume greater than that of the molding material \ 
employed. ' 

As soon as the movable die 10B reaches the position W, gas is introduced into the molten resin through the pin- 
and-sleeve an^ngement 1 3. Through the introduction of gas at this point of time, gas is introduced irrto the molten resin 
40 before the molten resin contained in the die 10 is completely cooled and cured. 

The gas introduced into the molten resin is distributed into countless pores formed in the molten resin; thus, a large 
hollow is not formed in the molten resin. 

Also, the molten resin is pressed against the molding surface of the die 1 0 from inside by the pressure of the intro- 
duced gas and is cooled and cured while maintaining close contact between its surface and the molding surface of the 
45 die 10. Accordingly, even when the molten resin undergoes thermal shrinkage subsequent to cooling and curing, 
numerous pores formed within the molten resin merely increase in size without the formation of an appearance defect, 
such as a sink mark, on the surface of a molding. 

The gas introduced into the molten resin is set at a pressure of 0.1 kg/cm^ to 20 kg/cm^ and higher than a set pres- 
sure of the aforementioned pressure-regulating valve. 
so Accordingly, the gas introduced into the molten resin is maintained at a predetermined pressure by the pressure- 
regulating valve and partially released to the exterior of the die 1 0. Through the partial release of gas. the interior of the 
molten resin is cooled; thus, cooling time for the molten resin is reduced. 

After the elapse of a predetermined time required for sufficientiy cooling a molding, the die-clamping apparatus 5 
is activated so as to retreat the movable die plate 4 and open the die 10. Then, the molding is removed from the interior 
55 of the die 10. thereby completing the molding operation. Subsequentiy, the above molding operation is repeated as 
needed. 

The present embodiment also provides actions and effects similar to those of the first errtoodiment described pre- 
viously Further, since a molten resin is conrpressed and fills a die cavity through the movement of the movable die 1 0B, 
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there can be obtained ewen a thin molding which vrould otheiwise not be obtained due to a failure to fHI a molten resin 
throughout a die ravity merely by an injection pressure. Also, even when, for reason of reduction in weight, glass fibeis 
cannot be containaJ m an amount sufficient to attain a required expansioa the required expansion can be attained with 
the assistance of the injected gas. 

* »^ ^'^"''^l procedure according to a third embodiment of the present invention. In contrast to the first 
and second embodim^ described above in which a resin used as a molding material is exposed in an obtained mold- 
^. the present embodiment relates to a molding procedure for obtaining a unitary laminated molding which includes a 
facing material used for covering the surface of the molding. 

« *K embodiment will now be described in detail. Since the molding procedure of the 

10 third embodiment employs the injection molding machine 1 employed in thefirst and second embodiments, the descrip- 
tion of the injection molding machine l is omitted. 

«N» rt!?; J!Zf TJ^^' *° ^ ^ ■ ^"'^ ^ *^°*"9 "material 14 is attached onto the mov- 

^1 1 . A T?^ V ^If P^'^^ ""^^"^^ '"j^O" cylinder 1 1 of the injection 

apparatus 1 A. Then, the injection molding nrachine 1 is started, thus starting to ptasticize and knead resin pellets con- 
tained in the injection cylinder 1 1 . Through kneading, countless glass ftoers are unifomily distributed in a molten resin 
and intertwined, thus facilitating the occurrence of a springback phenomenon. 

In relation to the attachment of the facing material 14 onto the movable die 1 0B. the movable die 10B may be pro- 
vkJ«J wrth attechment means, such as pins or vacuum chuck holes, for securing the facing material 14 on the movable 
die 10B. Such attechmert means enables the automatic attachment of the facing material 14 onto the movable die 10B 

Tlie facing material 14 may be attached onto the stationary die 1 0A instead of the movable die 1 0B 
Resin pellets employed in the present embodiment are similar to those of the first and second embodiments 
Examples of the facing material 14 include single-layer materials, such as woven fabrics, nonwoven fabrics ther- 
moplastc resin facing materials, expanded thermoplastic resin facing materials, and films printed with patterns or the 
lite; and muftilayered facing materials, such as a thermoplastic efastomer. vinyl chloride resin, or a like facing material 
which IS lined with a thermoplastic resin, an expanded thermoplastic resin, or the like 

The dienclamping apparatus 5 is activated so as to move the movable die plate 4 'towaitl the stationary die plate 3 
causing the damping-force-bearing block 3B on the side of the movable die plate 4 to abut against the damping-force- 
beanng block 3A on the side of the stationary die plate 3. 

inr'SS' *r"^^"9 apparatus 20 is activated so as to move the movable die 10B to position X where the cavity 
IOC of the die 10 assumes a volume larger than that of all the molten resin to be injected into the cavity 10C The thick- 
ness of the cavity IOC Incomes t6 (see Fig. 4(A)). 

In ttie above-mentioned State, a molten resin is injected into the die 10 from the injection apparatus 1 A When all 
the molten resin IS injected into the cavity IOC. the injection of the molten resin is conpleted 

Immediat^y before or after the completion of injection of the molten resin or after the elapse of a predetermined 
time following the completion of injection of the molten resin, the die^noving apparatus 20 is activated so as to advance' 

to a molding, as shown in Fig. 4(B). The thickness of the cavity 1 0C becomes t7 h" a 

As a result of the advancement of the movable die 108. the molten resin contained in the cavity IOC is compressed 
fills the cavity IOC. and thus is dosely pressed against the facing material 1 4 by a compressive force applied to ttie md- 
ten resin. Accordingly, the mdten resin is bonded to the fadng material 14 

r^.^Z^^ T^'^ '^'^ ^' "^^^^ "^'^ is retreated to position Z where the 

cavity IOC of the die 10 assumes a volume corresponding to a molding. The thideiess of the cavity IOC becomes t8 
The retreat rale Vr of the movable die 10B is 0.05 mm/sec to 100 mm/sec, preferably 0.05 mmfeec to 50 mm/sec 
wmen the movable die 1 08 is retreated, a springback phenomenon causes the molten resin to expand. Spedf ically 
g^ass fibers contained in the molten resin are released from compression and thus apply an elastic restoring force to 
the mdten resir^ consequentiy. the molten resin expands, thereby forming countless pores within the molten resin 
Thus there is obtained a lightweight molding having a volume greater than that of the molding material employed 
As soon as the movable die 1 0B reaches the position 2, gas is introduced into the molten resin through the pin-and- 
« ^'^^^^Semem 13. Through the introdudion of gas at this point of time, gas is introduced into the molten resin 
so before the molten resin contained in the die 10 is completely coded and cured. 

Thegasintroducedintothemoltenreslnisdistributedimocoun«essporesformedinthemoftenresin-m^^ atarge 
hdlow IS not formed in the molten resin. . . » a a«» 

Also, the molten resin is pressed against the molding surface of the die 10 from inside by the pressure of the intro- 
duced gas and is cooled and cured while the fadng material 14 is in dose contact with the moWing surface of the die 
1 " undergoes thermal shrinkage due to cooling and curing, numerous pores 

fomied w#i.n the molten resin merely increase in size without the formation of appearance defects, sudi as sink merit 
.on the surface of a molding. 

The gas introduced into the molten resin is set at a pressure of 0.1 kgfem^ to 20 kg/cm2 and higher than a set pres- 
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sure of the aforementioned pressure-regulating valve. Accordingly, the gas introduced into the molten resin is partially 
released to the exterior of the die 10. and the interior of the molten resin is cooled accordingly. Thus, cooling time for 
the molten resin Is reduced. \ . 

After the elapse of a predetermined time required for sufficiently cooling a molding, the die-clanping apparatus 5 
5 is activated so as to retreat the movable die plate 4 and open the die 10. Then, the molding is removed from the interior 
of the die 10. thereby completing the molding operation! Subsequently, the above molding operation is repeated as 
needed. 

The present embodiment also provides actions and effects similar to those of the first and second embodiments 
described previously Further, through a single molding cycle, there can be obtained a unitary laminated molding which 
10 includes a lacing material used for covering the surface of the molding. 

Next, the effect of a pin-and-sleeve an-angement, favorably usable in the present invention, will be described with 
reference to a fourth embodiment of the invention. 

Fig. 5 shows an injection molding machine 101 according to the fourth embodiment of the present invention. The 
injection molding machine 1 01 is adapted to Inject a molten resin into a die 110 from a nozzle 1 02A of an injection appa- 
75 ratus 1 02. thereby yielding a molding. 

In the injection apparatus 102. resin pellets charged into an unillustrated injection cylinder are kneaded and plasti- 
cized through use of a screw (not shown). A motten resin obtained through the plastidzation of the restn pellets is dis- 
charged through a nozzle 1 02A provided at the tip of the injection cylinder. 

The injection molding machine 101 of the present embodiment includes a stationary die plate 103 fixedly provided 
20 on the side of the injection apparatus 102. a stationary plate 107 fixedly provided on the side opposite the injection 
apparatus 102, a movable die plate 1 04 provided between the stationary die plate 103 and the stationary plate 107 and 
adapted to move toward or away from the stationary die plate 103. and a die-clamping apparatus 105 for moving the 
movable die plate 104 in relation to the stationary plate 103. ,t 

Tie bars 108 extend between the opposingly disposed stationary die plate 103 and stationary plate 107. The mqy^. 
25 able die plate 1 04 is slidatsly movable along the tie bars 1 08. f V 

The die-clamping apparatus 105 includes a toggle mechanism 109. provided between the movable die plate- 104. 
and the stationary plate 107. and an oil hydraulic cylinder unit 106 attached to the stationary plate 107 and used for . 
clamping the die 1 1 0. A piston rod 1 06A of the oil hydraulic cylinder unit 1 06 is connected to the toggle mechanism 1 09:>. 
A pressing force generated by the oil hydraulic cylinder unit 106 is amplified by the toggle mechanism 109. The thus- 
30 amplified force is used for closing or clamping the die 1 1 0. 

Clamping-fbrce-bearing blocks 1 03A and 103B are provided between the stationary die plate 103 and the movable 
die plate 104 along a die-clanping or die-opening direction. When the movable die plate 4 is advanced in relation to the 
stationary die plate 1 03, the clamping-force-bearing block 1 03B provided on the side of the movable die plate 1 04 abuts 
the clamping-force-bearing block 103 A provided on the side of the stationary die plate 103 to thereby bear a large 
35 clamping force produced by the toggle mechanism 109. The clamping-force-bearing blocks 103A and 103B are. 
adapted to maintain parallelism between the stationary die plate 1 03 and the movable die plate 1 04. 

The die 11 0 includes a stationary die 111 mounted on the stationary die plate 1 03, a movable die 1 12 mounted on 
the movable die plate 104, and a movable die 1 13 provided as part of the movable die 1 12. 

The movable die 1 13 is inserted into a hollow space 1 12A provided in the central portion of the movable die 1 12 
40 and opening to the stationary die 1 1 1 and can advance or retreat in relation to the cavity 1 1 0A of the die 1 10. A die- 
moving apparatus 140 provided within the hollow space 112A causes the movable die 113 to advance or retreat in a 
slidable manner in relation to the cavity 1 10A. 

The die-moving apparatus 140 includes a pair of inclination members 141 and 142 having inclined surfaces 141 A 
and 142A, respectively, which are inclined with respect to the moving direction of the movable die 113. The inclination 
45 members 141 and 142 are arranged along the moving direction of the movable die 1 13 with the inclined surfaces 141 A 
and 142A abutting each other. 

An oil hydraulic cylinder unit 143 is connected to the inclination member 141 so as to drive the inclination member 
141 in a direction perpendicular to the moving direction of the movable die 113. A drive unit for moving the inclination 
member 141 may be of a pneumatic type or a motor-driven type. 
so Guide portions 1 41 B projecting toward the inclination memt>er 1 42 are provided on the inclined surface 1 41 A of the 
inclination member 141 along its both side edges. The end portion of the inclination members 142 oh the side of the 
inclined surface 142 A is fitted between the two guide portions 141 B. 

Specifically, a groove 141 C is formed in the inner surface of each of the guide portions 1 41 B. Elongated projections 
142B are provided on the end portion of the inclination member 142 on the side of the inclined surface 142A so as to 
55 engage the grooves 1 41 C. 

In the die-moving apparatus 140 having tiie above structure, as a piston rod 143 A of the oil hydraulic cylinder unit 
143 is advanced, the inclination member 141 presses the inclination member 142, thereby causing the movable die 1 13 
to advance in relation to the cavity 1 10A. In contrast, as tiie piston rod 143 A is retreated, the inclination member 141 
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1 43. To the Oil hydraulic unTm ri,nnS2 a 'un^^^^^ """"^^ "^^^^ ^"^^^ 

to cause the die-moving apparatus uS^^S^rm ^^1^2. 1 ""^'"^ ^ generated dl hydraulic pressure so as 
s cuit. such as a digital si^^^nce^^^nd^n KS^Sto^J^'^- ^1""*"" ^ ^^'"^'^^ 

any of seve-al different operations: for ^^^^Tc^X i S"'!!" """^^ ' *° contiguously perform 
"^T^^\ °rif*^ P^edetermlS^pr^^^rnen ^^^^^ r^a«on to the 

102 e-^^rCh Sio'il^ SX'TS^^^^^^ 1 1 1 . A nSzle 102A o, the injection apparatus 

cavity from the nozrleloaAthroXhe Sme^n^ "^*^ 

sages 150 lor introducing gas Z the «1 f ^oJ^nt 3^10^^^ 

s.igh«ypro-:srfr:;;th^^^^^^^^^^^ 

sleeve arrangement 120 is 30 nS, to » nS,^e^I-a^ ^^L " '^^'^ 'engfh of the pin^nd- 

an amount of about 2 mm. '° * '""^ ^ P-n-and-sieeve anangement 120 projects from the molding sirtace in 

tionary die 11 1 . Gas fed from the gas fe«f So«sth^* o«t ^^"^ "^^^^ sta- 

.eevr/e:iriin:dTsn::r^^^^^^^^ 

extending in the axial direction of the pSVeSe al^^milTilT T"^ ""^ ^22 and 

The sleeve element 121 has a flanoe i^Ti It arrangement 120 Ibr allowing gas to flow therethrough, 
tap 153). The flange 131 iraSte^1oTe^t?4l::S:;;em ^^^^^^.^-j"'^ ^23A (on the s?de of thegas 

As shown in Figs. 7 and 8, the pin elem^t 12?f/rrmir^2! T "^"""^ °" stationary die 111. 
Pir. body 132. having a substa:.tlanyTylS substantally in the shape of the letter T and includes a 

matter, and an anchorage portion 1 33 p^vS ^ ''^^ 

The anchorage portion 133 is formed in fcJlSike sh^?!; ^^SA. 
121 on the side of the gas inlet 123A and r^«ly sei^r^^ °f "'"^ '^'^ °' '^"^ ^^'"^"t 

engagement means (not shown) such as s^B^TsS,£^^^yV^^^ °* ^ejie^e element 121 through use of 
anchorage portion 133 for the purpose of pr^^ng gS S^e " ^"""^ circumference of the 

body^rhrJaTdSi;'^^^^^^^^^^^^ 

innersu^ce of the sleeve element 121 dSn'e me'f^r gas"S SS^If '^^"^ ^^Sand L 

apin diameter tangem to theCport^iSS^^^^^^ 
of.eg.t^passagel23corr^espondingto;^^^^^^^^^ 

?;?;Tth?pro?y73r^^^^^^^^^ I^Atothegast^wpassage 123. 

to the axial direction of the pin body 132 ^ °^'^^^^^^^"^**P="'^<^ 132B substantially perpendicular" - 

Asarirafe^d'^^ce^^;:::;^^ 

the end portion of the sleeve element lTl P-n-and-sleeve arrangemerrt 120 by the tip surface 132B and 

i32B''orrpfnX:riS:'' ^'''"^'^ ''^^^ 

ili?nr^?lf TJ!^^"'^ °' «"*«fi'"ent will be described 

obtainsa',S;rrrr:^nTorS^^^ 

foaming agent may be added to the moldino SrilltTZ^ expansion to a molten resin injected into the die 1 10. A 
Examples of reinforcino fiber. tr, hT^rr * '^^1?"'^^ "'"Ptementing the expansion of a molten resin. 
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fibers and copper fibers; and organic fibers, such as ultra high molecular weight polyethylene fibers, aramid fibers, and 
polyarylate fibers. Particularly, glass fibers are preferred. 

A thermoplastic resin serving as a main component of resin pellets is not particularly limited. Examples of such a 
thermoplastic resin include polyolefin resins such as polypropylene, propylene-ethylene block copolymers, propylene- 
5 ethylene random copolymers, and polyethylene; polystyrene resins: ABS resins; polyvinyl chloride resins, polyamide 
resins, polyester resins, polyacetal resins, polycarbonate resins, aromatic polyether or thioether resins, aromatic poly- 
ester resins. polysuHone resins, and acrylate resins. 

These resins may incorporate a filler such as talc, as well as a variety of additives, to thereby provide injection- 
moldable high-molecular-weight materials which may be used in the method of the present invention. 
10 The above thermoplastic resins may be used singly or in combination. 

Among the thermoplastic resins, preferable are polypropylene resins, such as polypropylene, block or random 
copolymers of propylene and another olefin, and mixtures thereof, and particularly preferable are polypropylene resins 
which contain a polyolefin resin modified with an unsaturated carboxylic acid or its derivative. 

The fiber-containing resin serving as a starting molding material includes reinforcing fibers having a length of 2 mm 
75 to 100 mm, and the reinforcing fibers account for 5% to 70% by weight of the molding material. Preferably, the fiber- 
containing resin is in the form of pellets having a length of 2 mm to 1 00 mm and including reinforcing fibers which have 
a length equal to that of the resin pellets and are arranged in parallel. An example fiber-containing resin pellet is Mos- 
tron L (trade name) manufactured by Idemitsu Petrochemical Co., Ltd. 

Such a molding material undergoes an injection molding process in the following manner. First, resin pellets are 
20 charged into the injection apparatus 102. Then, the injection molding machine 101 is started, thus starting to plasticize 
and knead the resin pellets contained in the injection apparatus 1 02, Through kneading, reinforcing fibers are uniformly 
distributed in a molten resin and intertwined, thus facilitating the occurrence of a springback phenomenon. 

Then, the die-clamping apparatus 105 is activated so as to move the movable die plate 104 toward the stationary, 
die plate 103. thereby closing the die 110. The die-moving apparatus 140 is activated so as to move the movable die 
25 1 13 to position U1 where the thickness of the cavity 1 10A of the die 1 10 becomes t1 1 . as shown in Fig. 9(A). The moy-. 
able die 1 1 3 is brought to a standstill there. . .> * 

Herein, the thickness t1 1 of the cavity 1 1 0A is set at the sum of a thickness corresponding to the volume of a molten 
resin to be injected and a thickness corresponding to a stroke of conrpression of a molten resin contained in the die 110:- 
In order to reduce breakage of reinforcing fibers during injection of a molten resin through use of a relatively low Injec- • 
30 tion pressure, the compression stroke is preferably 0.1 mm to 50 mm. more preferably 1 mm to 10 mm. Through the. 
employment of a conpression stroke of 1 mm to 10 mm. the breakage of reinforcing fibers can be further reduced, and 
the occurrence of an appeatence defect, such as a flow mark, can be prevented. 

In the above-mentioned state, a molten resin is injected into the cavity 11 OA from the nozzle 102A of the injection 
apparatus 102A. 4. 
35 At an appropriate point of time after the start of injection of a molten resin, for example, immediately after or as soon 
as the injection is completed, the die-moving apparatus 1 40 is activated so as to advance the movable die 1 13 to posi- 
tion VI where the thickness of the cavity 1 10A becomes t12 as shown in Fig. 9(B). The movable die 1 13 is brought to 
a standstill there. The thickness t12 of the cavity 1 1 0A is set such that the cavity 11 OA substantially assumes the vol- 
ume of a molten resin to be injected. 
40 As a result of the advancement of the movable die 113. the molten resin contained in tiie cavity 11 OA is com- 
pressed to thereby fill the cavity 1 1 0A and be closely pressed against the molding surface of the die 1 1 0 by a compres- 
sive force applied to the molten resin. Accordingly, the surface layer of the molten resin in close contact with the molding 
surface of the die 1 10 is cooled and solidified more quickly than is the interior of the molten resin. 

When the surface layer of the molten resin is solidified at a predeternhined thickness, the die^moving apparatijs 140 
45 is activated so as to retreat the movable die 1 1 3 to position W where the thickness of the cavity 1 10A becomes t13 as 
shown in Fig. 9(C). The movable die 1 13 is brought to a standstill there. 

Herein, the thickness t13 of the cavity 1 1 0A is set such that the cavity 1 1 0A assumes the volume of a molding. 
The retreat rate of the movable die 113 may appropriately be set in accordance with molding conditions, the type 
of a resin employed, etc., for example, at 0.05 mm/sec to 100 mnVsec. preferably 0.05 mm/sec to 50 mm/sec for the 
so purpose of reliably transferring the profile of the molding surface of the die 1 1 0 to the molten resin. 

When the movable die 1 13 is retreated as described above to tiiereby expand the cavity 1 1 0A. a springback phe- 
nomenon causes the molten resin to expand. Specifically, reinforcing fibers contained in the molten resin are released 
from compression and thus apply an elastic restoring force to the molten resin; consequently, the molten resin expands. 
After the movable die 1 1 3 reaches the position W1 . the gas feed unit (not shown) is activated. Gas is introduced 
55 into the molten resin contained in the cavity 11 OA through the pin-and-sleeve arrangement 1 20. 

The pressure of gas introduced is, for example. 0.01 MPa to 20 MPa. Particularly, through the employment of a rel- 
atively low gas pressure of 0.01 MPa to 1 Mpa, there can be further reliably prevented the occurrence of a large hollow 
witiiin a molding and the occun-ence of an appearance defect which would othenwise result due to gas leakage to the 
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exterior of the moften resin, and there is no need for ernploying high-pressure gas faciUties with a resultant reduction in 
equipment cost 

intJU^fftSi?"'" *\! unit flows through the gas introduction passage 154 and the gas tap 153 and is then 

JSf^n ^^^^ ^ ^^^^ °' formed in the pin elemert^122 

and colle<^ tiierein. As a result, the gas pressure within the end space 120A increases. When the gaTpressure 
|ncr^ses to a level capable of breaking through the solidified surface layer of the molten resin, the gas breaks through 

t^i ^'L 2 i^^H of* T '^'l "^^ ^ aoss-sectional area sub^ntially identical to 

J22i!^r,, ^''^r^''^ °"*"^"^°''^«9^*^«"23BJ.e.across-^^ 
that of the gas flow passage 1 23. The gas is introduced into the molten resin through the gas inlet bore 
insw™^*"- of gas into the molten resin as described above, the moften resin is pressed from 

'"T'^ fiH*''^ ^ '^'^ *^ P^°*"® °* ™'^*"9 surface of the die 1 10 is intensively 

tran^rred to tiie surface of the molten resin, so that a skin layer is formed on the surface of the molten resin 

.nt JiTl ^ Sas is introduced into the molten resin, the molten resin is allowed to cool and 

sdidify for a predetermined period of time. Then, the die^damping apparatus 105 is activated so as to retreat the mov- 
able die plate 104 and open thedie 110. Then.amolding is removed from the interior of the die 110. The obtained mold- 
ing has a volume greater than that of the molding material employed. 
Subsequently, the above molding operation is repeated as needed. 

In the above-described injection compression molding process, a step of advancing the movable die 1 13 so as to ■ 
" "^^ "^'^'"9 Perfomied in a manner similar to that of the injection com- 

pressiori molding process except that vrfiile the movable die 113 is at the position VI (see Fig. 9(B)) the molten resin 
IS injected intothe cavity 110A and fills the cavity 110A. s- me moiten resm 

The present embodiment as described above produces the following effects • 
^ipmt'inJS^f t^^^ ^'^^ °* Pin-and-sleeve arrangement projects farther than the tip of the pin 

element 122 «/en when the pressure of gas to be introduced into the gas flow passage 123 is relatively low the gas 
Ar^nnTv, Si ^ ^ l^i^ Sufficiently to break through the surface layer of a moften re^ 

tV^iIri^' °r 'f^^ introduced into the molten resin. Further, since a gas inlet bore having a cross-sec- 

SS.!^ 2 °' "^^^^ "^"^^ ^"-^^^^ « amount of gas can be 

mtroduced into the moften resin. Accordingly, since the moften resin can be cooled while being pressed against the 

^l^n'th ^ f ^ ' '?.''^ '^'^^'^^ ^ ^"^^ *>"°"'"9 ^ "^i"9 surface of the die 1?0 can to 
fomied in the surface of a molding, ther^y reliably preventing the occurrence of an appearance defect such as a sink 

Furtier. ^ soon as the gas collecting in the end space 120A reaches a sufficient pressure to break through the 
fn."^* * ? *® 9as breaks through the surface layer, so that the gas pressure is prevented from 

^^?Sr22f r i^i Accordingly the pressure of gas to be introduced into the moften resin can be minirS to a 
L^lS^mt ^^^^^ 

a molding. Thus, excellent strength can reliably be imparted to the molding - 
n^l^Zr'i^ t^^!^" 122 on the side of the gas outlet 123B has a flat surface substantially per- 

pendicular to the ax6 of the pin elemem 122. the shape of the pin element 122 can be made simple so that 4 
^'i^l^!^ ormanufacture of the pin element 122 can be fadlrtated. Also, since a sufficient amount of ga^ can be refi- 
ablyimroduced imo a molten resin, the occurrence of a sink mark or a like defect can be further reliably prevert 
121 TnZ^ anchorage portion 133 covering the opening 121 A of the sleeve element 

i^o,Sh^hl1^L^2^?^ L*^^ °* ^•'^^ introduced into the gas flow passage 123 

^^nl TT^ a^^o-^ge portion 133, the gas ftow functions to press the anchorageportion 133 

th^STe elemert 121 e'«"ent 121 , thereby reliably preveming the pin element 1 22 from s^a^ting fr<S 

, ^f"""®*!!® 121 projects beyond the tip of the pin deme mm to 

L^^'-L f ^ '^'^^ Accordingly, gas can be sufficiently introduced irto a moften 

Sng^omT^e ^^^"^^ ^'^^'^ ^^^^ pin-and-sleeve anangement 120in the step of removing the 

Through use of a moften resin containing reinforcing fibers as a molding material, favorable mechanical character- 
istics are '^parted to a molding. Further, after the injection of the moften resin into a die cavHy is started, there are per- 
Sri^n^^^. ^'^'"^ ^t^^ '^'^ and a step of introducing gas into the moften resin. Thus, the introduction of 
g^ «m complementthe spnngback-effected expansion of thefiber<»ntaining molten resin, thereby reliably expanding 
^rnoften r^in. Accordingly, there is cbtained a lightweight molding having excellent mechanical characterisEre with 
respect to unrt weight. 

Also, after filling a moften resin into the cavrty 1 lOA is completed, a cavfty expansion step for expanding the molten 
resin is performed, "mus. a skin layer following the molding surface of the die 1 10 can be formed in the surface of the 
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molten resin through the cooiing of the molten resin before the rnolten resin is expanded. Accordingly, a molding having 
excellent appearance is obtained. 

The structure and procedure of the fourth embodiment are to be considered as illustrative and not restrictive and 
rnay be modified so long as an object of the present invention is achieved. 
5 Fpr example, the fourth embodiment is described while gas is introduced into a molten resin after the completion 

of the retreat of the movable die 113. i.e. after the completion of the step of expanding the cavity 1 10A. However, the 
gas may be introduced into the molten resin during the retreat of the movable die 113. 

The fourth embodiment is desaibed while the tip of the pin element 122 of the pin-and-sleeve arrangement 120 
has the flat tip surface 132B. However, the shape of the pin element 122 is not particularly limited. For example, as 
10 shown in Fig. 10, the pin element 122 may have a pointed head 232B. This facilitates the manufacture of the pin-and- 
sleeve arrangement 120 as in the case of conventional pin-and-sleeve arrangements. 

The fourth embodiment is described while the four gas flow passages 1 23 are formed. However, the number of gas 
flow passages is not particularly limited. Preferably a plurality of gas flow passages are provided in order to efficiently 
introduce gas into a molten resin. 
75 Further, the fourth emt>odiment is described while the die-moving apparatus 140 is built in. the die 1 10. However, 
the hollow space 112A of the movable die 112 may be nrxxlified to a through-hole. A movable die may slidabiy be 
an-anged in the through-hole, and a die-moving apparatus way be disposed between the movable die and a movable 
die plate. 

Also, the fourth embodiment is described while molding is performed by the injection compression molding process 
20 or injection molding process. However, molding may be performed by an injection press molding process. 

The structure of the injection molding machine employed in the fourth embodiment is to be considered as illustra- 
tive and not restrictive. The type or structure of an injection molding machine may appropriately be selected in accord- 
ance with a specific embodiment of the invention so long as the injection molding machine has a die allowing its cavity 
to be expandable and provided with a pin-and-sleeve arrangement in which the end of a sleeve element projects farther^ 
25 on the gas outlet side than the tip of a pin element. ^ 
Next, the effect of the introduction of a liquid coolant, together with gas, into a molten resin in the present invention 
will be described with reference to a fifth embodiment of the invention. Herein, the same features are denoted by com- 
mon reference numerals, and their description will be omitted or given briefly. i^J 
Fig. 11 shows an injection molding machine 201 used in the present embodiment. 
30 The injection molding machine 201 is the injection molding machine 101 of the fourth embodiment to which a cool- 
ant feed unit for introducing a liquid coolant into a gas introduction tube is added. Accordingly, other portions of the 
injection molding machine 201 are similar to those of the injection molding machine 101 ; therefore, their description is 
omitted. y 
In Fig. 1 1 . a coolant feed unit 255 for introducing a liquid coolant into pores formed in a molding is connected to a 
35 gas introduction tube 251 of a gas feed unit 250. f;V^ 
As shown in Fig. 1 2, the coolant feed unit 255 includes a coolant tank 256 for storing a liquid coolant and a coolant 
feed tube 257 for transferring the liquid coolant from the coolant tank 256 to the gas introduction tube 251 . Gas flowing 
through the gas introduction tube 251 causes the liquid coolant to be drawn into the gas introduction tube 251 . 

Specifically, the junction of the gas introduction tube 251 and the coolant feed tube 257 includes an inner tube 251 B 
40 and an outer tube 251 C arranged concentrically with each other. The coolant feed tube 257 is open to the Interior of the 
outer tube 151C. The diameter of the inner tube 251 B reduces toward Its tip. Since the end of the outer tube 251 C is 
closed on the inner tube 251 B, a high-speed gas discharged from the inner tube 251 B causes a negative pressure to 
be generated in the space defined by the inner tube 251 B and the outer tube 251 C. As a result, a liquid coolant is drawn 
into the outer tube 251 C from the coolant feed tube 257 and sent downstream together with gas. 
45 A valve 258 is provided in the coolant feed tube 257 of the coolant feed unit 255 in order to allow or block the feed 
of a liquid coolant into the gas introduction tube 251 . 

A liquid coolant used in the present embodiment is not particularly limited so long as it is liquid at room temperature. 
Examples of such a liquid coolant include water, liquid calcium chloride, liquid magnesium chloride, monohydric alco- 
hol, dihydric alcohol, and trihydric alcohol. In consideration of corrosion of metal, state of a coolant at a working tem- 
50 perature. etc.. water, liquefied cait>on dioxide gas. monohydric alcohol, and dihydric alcohol are preferred. 
Next, a molding procedure of the fifth embodiment will be described. 

First, the die 210 is attached to the injection molding machine 201 . and resin pellets are charged into an injection 
cylinder 21 1 of an injection apparatus 201 A. Then, the injection molding machine 201 is started, thus starting to plasti- 
cize and knead resin pellets contairied in the injection cylinder 21 1 . 
55 The resin pellets employed herein are primarily formed from polypropylene and have a length of 2 to 1 00 mm. The 
resin pellets contain, in an amount of 20% to 80% by weight, reinforcing fibers which have a length equal to that of the 
resin pellets and are arranged in parallel. In the case of a mixture of the resin pellets and other p>ellets not containing 
reinforcing fibers, the mixture contains reinforcing fibers in an amount of 5% to 70% by weight, preferably 5% to 60% by 
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In the injection cylinder 21 1 re&in noiiato a 

Adie^nping apparatus 205 is activated so as to moTe a m3^^»T.^^ 
causing a damping-forc^bearing block 203B oX side rt^^^ 

beanng wo^ 203a on tt,e side of a stationary die fJ«?Io3 ^ ^^"^ « clamping-force: 

<^jeS2^trj^™i:Siirr^^ 

of the cavity 210C becomes 121 . conesponding to a molding, as shovw, in Rg. 13 (A), "me tSoi^ 

volume corresponding to a molding. S and 122 denotes the thickness of the cavity 210A hav^ 

cavitv p"lnrr®-'"^'*°"^ ^ ""^e" ^esin is injected into the die 210 trnn. tK • • 

ravrty 210A, having a volume smaller than that corresooSino to « ^l^nf apparatus 201A. The 

dosebr pressed against the molding surface of thT*S?o a^ ini^^ ^' " ""^ *^ "hich is 

resin e completed. ^ ^ '"jecbon pressure. Thus, the injection of the molten 

«me'SrrC.iei5:S^cir^^^^^^ or after the elapse of a pred^ 

the movable die 2, 3 to position W whereriCl^ofcTih^dre 2^^^^ "^'"^ ^'^^ ^ . 
as shown ,n Fig. 13(B). The thickness of the cavity 21 OA beSnt ^ ^ corresponding to a molding. 

,pos.o:??.rsT.^^^^^^^ 

face of the molten resin (molding). ^ thereby fbrniing a skin layer on the sur 

•no on the temperature of the die 210 ^ ^ ^ '^9® ''«t«een 0 and 10 seconds depere? 

The retreat rate Vr of the movable die 213 is 0 05 mm/sec to lOfi rn,«/ 

When the movable die 213 is retreated a sorinnS,^ nh!! Preferably 0.05 mm/sec to 50 mm/sec 

glass fibers contained in the molted r^rareTeS^ fro^^^^ '^'"^^^ expand. 1,^^^,^ 

molten resin; consequently, the molten Te^fn e^r^s therX "'^ ^'^ ^" ^'^^"'^ 'estorin^ fbrcl S 

Thus there is obtained a lighty^ight molding havin^lme grSefZ 'tt,^"';!^ ^es'"- • 

As soon as the movable die 213 reaches the TOsrtion rTth™ , ^* °* "^^erial employed 

.nto the monen resin through a pin-and-sleLe arrfnge^e^^^^^ SroSrS^ ^° «^ »° *™"ce gas . 

tHe^s . introd^ed into the mo.en resin before the^ ~n";^^^^^^^ • 

gas S tra:mi!uJrii'i3'slSrS'f,i«^ SoTah Sfe n'T^'.'S " "^"^^ '^"^ « valve 251A is closed 

^nt 220 and is then introducS into a^o«^resTn ^^^^^^^^^ 251 and the F»n-and-sleeve ana^t' 

less pores formed in the morten resin, thus, a large ^oL^^S^XT^"" ^ 

The gas fed from the qas feed unit p^n f ♦i,.^ l1! rormed in the molten resin. 
th^r,introduc«.intothegL^^^^ ' 

Sa » H P'"-^"^-='ee-e anahgement 220. The intr^uci gJsiov^' '^^"^ « P*" 

120A and collects therein. As a result, the gas pressure mITI^hT VJl^ ^^38 into the end space 

"-eases to a level capable of breaking thrLgh^he sTrfaX- oX mo« Jf 'Z^^' ^^^^"^ 
and fbrns a gas miet bore in the layer. The gas inlet bore hTs a slSolT ' '^'^ *™"9»^ layer 

open end of the sleeve element 1 21 on the side of the g^s o^et^^R substantially identical to that of L 

gas flow passage 123. The gas is introduced imo Sen r^n t' roiloh'th'I^^^^^^^^ 

As a result of the introduction of oas into tho through the gas inlet bore, 

inside against the molding surface S ^Z^T^. Tr^tZ^.'oU^!'^ ^f^^' - P^-^^d from 

tran^rred to the surface of the molten resin, so thJa slTn C s Srr^T't"^ ""J?** °' ""'^ 210 is intensively 

Subsequently as shown in f=ig. 14(B) the release ^ZTll, a °" *® °^ the molten resin. 

ti^e 251 from the coolant tank 256 of the coolamfeed unSSth^o^nh^J , """^ S^s introduction 

ant together with the gas. is introduced into Por2 formL "f„r "^'^"l/eed tube257. Thus, the liquid coSJ 
|mroduced liquid coolant removes heat accuLSed S .h^rnSno 1^"; !i '^"^ « ^e thus- 

thraugh evaporation. Then, as shown in Rg. 14(D) th^^lCe 2^^^° S^^^tk accumulated heat 

After the molten resin is cooled and solidified as described abovelS 

as aesOTsed above, the die^rtamping apparatus 205 is activated so 
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as to retreat the movable die plate 204 and open the die 210. Then, the molding is removed from the interior of the die 
210. The obtained molding has a volume greater than that of the molding material employed. 
Subsequently, the above molding operation is repeated as needed. 

The present embodimerrt as described above produces the following effects. • 

£ A liquid coolant is introduced into pores formed in a molding which, in turn, is formed in the cavity 21 OA in a molding ' 

process composed of the steps of: plasticizing a fiber-containing thermoplastic resin material to ot>tain a molten resin; 
injecting the molten resin into the cavity 210A of the die 210 having the movable die 213 capable of advancing or 
retreating in relation to the cavity 210A; and expanding the cavity 210A filled with the molten resin. Since the liquid cool- 
ant introduced into the pores within the molding has a thermal capacity greater than that of gas, even a small amount 

10 of the liquid coolant removes heat from inside the molding. Further, through the removal of heat in the form of heat of 
vaporization associated with the vaporization of the liquid coolant within the molding, the molding is quickly cooled. 

Further, while the movable die 21 3 is located at the position S2 where the cavity 210A of the die 21 0 assumes a 
volume smaller than that con-esponding to a molding, a molten resin is injected into the die 21 0 and fills the cavity 21 OA. 
whereby the molten resin is closely pressed against the molding surface of the die 210 by an injection pressure. Sub- 

75 sequent to the completion of injection of the molten resin and during the retreat of the nnovable die 213 to the position 
T2 to thereby expand the cavity 21 OA. the surface of the molten resin is cooled so as to form a sWn layer on the surface 
of the molten resin (molding). Accordingly, the skin layer is formed along the molding surfece of the die 210, thereby 
imparting excellent appearance to a molding. 

Also, a liquid coolant, together with gas, is introduced into pores formed in a molding, and the introduced gas is 

20 vaporized and released to the exterior of the die 210. Accordingly, the liquid coolant is reliably introduced into the pores 
formed in the nrK)lding, and the release of the vapor prevents heat from accumulating within the molding, thereby reliably 
cooling the molding. 

Also, the introduction of gas complements the springback-effected expansion of a molten resin. Accordingly, even . 
when a molten resin injected into the die 210 has somewhat insufficient reinforcing fiber content to expand to a prede-''' 
25 termined size, the introduced gas enables the molten resin to reliatjiy expand to the volume of a molding as the movable ^ p I. 

die 213 retreats. Thus, an expected reduction in weight of a molding is reliably attained. 

Further, at the latest, gas is introduced into a molten resin contained in the die 21 0 before the molten resin is cooled - 
and cured. Thus, the molten resin is pressed against the molding surface of the die 210 from inside by the pressure of 
the introduced gas and is cooled and cured while maintaining close contact between its surface and the molding surface "J 
30 of the die 210. Accordingly, an appearance defect, such as a sink mark, is not generated on the surface of a molding. 

Thus, there is obtained a molding having a smooth surface and excellent appearance, ; , ■} 

Also, reinforcing fibers Contained in a molten resin have a length of 2 mm to 100 mm and account for 5% to 70% . 
by weight of the molten resin. Further, reinforcing fibers contained in fiber-containing thermoplastic resin pellets are 
an-anged in parallel with each other. Accordingly, even when the die 210 and the injection apparatus 201 A are of an r ^ 

35 ondinary type, reinforcing fibers are less likely to be broken during kneading or injection. 

Thus, the reinforcing fibers have a sufficient length to initiate a springback phenomenon. Further, the reinforcing fib- 
ers are contained in an amount sufficient to initiate a springback phenomenon. Accordingly, when the movable die 213 
retreats, the molten resin expands sufficiently, whereby there is obtained a sufficiently lightweight molding. 

Also, since the reinforcing fibers have a length not less than 2 mm, the expansion of a molten resin is reliably com- 
40 plemented by the injection of gas. Further, since the reinforcing fibers have a length not greater than 1 00 mm, bridging, 
defective plastlctzation, or a like problem does not occur during injection molding. Thus, a molding operation can be 
smoothly performed. 

Further, since the content of reinforcing fibers is not less then 5% by weight, the injection of gas does not involve 
the generation of a large hollow within a molten resin, whereby an obtained molding achieves both a reduction in weight 
45 and a fiber-effected improvement in strength. Moreover, since the content of reinforcing fibers is not greater than 70% 
by weight, a surface layer is fevorably formed on a molding, and there occurs no gas leakage between the surface of 
the molten resin and the molding surface of the die 210, thereby preventing the generation of an appearance defect 
such as a silver mark. 

Also, gas is introduced into a molten resin contained in the cavity 21 OA after the cavity 21 OA is expanded to a vol- 
50 ume corresponding to a molding through the retreat of the movable die 21 OC. In other words, gas is injected into an 
expanded molten resin. Thus, the gas to be introduced can be of a relatively low pressure. Even the low-pressure gas 
can be introduced throughout the interior of the molten resin without any occurrence of biased stagnation in the molten 
resin. 

Accordingly, the pressure of gas to be introduced into a molten resin can be reduced. Moreover, since the gas is 
55 distributed throughout the interior of the molten resin, there occurs no gas leakage between the surface of the molten 
resin and the molding surface of the die 21 0. thereby preventing the generation of an appearance defect such as a silver 
mark. 

As described above, an obtained molding achieves both an improvement in mechanical characteristics such as 
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application of the molding to buildT^a^ ^S^Z miX^ f^J" S ^^^tt^" "^"^^ ^ ^ 
due to the lightness of the molding. engineenng members such as cable troughs fadlitates installation work 

' 258 ^otiL^: trto^llX^S ^d^^g^^I^^Sartio?' ^'^J^"^ ^ '"^"^'"^ -K.e 
weight molding from a fiber^SnT S ?n^?rtlTj^ w ^ <°r obtaining a light- 

thermoplasiic resin material to S a S^riin?^^^^^ "^"^"^ ^ fiber^'ntaining 

ing the cavity 210A for containing the inieO^ .^^^^^^r^T^'''^^ « die 21 0 hav- 

in relation to the cavity 210A; the gas feed unitTi^Srj^^ ^ *^ '^^^ °* advancing or retreating 
cavity 210A; and the owlant i^^^^^JfS P°^es formed in a molding contained in the 

am feed unit 255 is c^S^lS ^e g^fe^?^^^^ 

f ifUi embodiment ^ procedure and uses equipment configuration identical to that of the 

whicrtmo»tn°::irn:siSS^^^^ 'nthefSthembodimemdescrtoedabovein 

fill the die cavity with ^e moten r^n and to Sr^Tf^ T"^ corresponding to a molding so a^ to 

by means of Jinjection pr^reTn c^^alt r .^^^ '"^ "^'"^ ^''^^ ^ « die 
a compressive forU to the ^en l^Sil^^^^^^ 

with the molding surface of the die """^'^^ ^''^ 

resin into dose contact 

sbcth^Tm^SS^S^N^^^^^ 

injection molding marine 20? .'s ^ ^"^"^^ embodiment. *,e description of the 

t^usSrrSciT^srnS^ 

30 kneading, reinforcing fibers contained in the 2!L?i?n ^^^^ t *^ plasticization and 

occurrence Of aspringbackphenl^^.S^T^^Sril^"'^^^^^ intertvined. thus facilitating the 

diep^te204ta.ardLsta^cSrre'Sa^S3^^^^^^^ 

Ua^ere'riic^'ei'L'i^r^^^^^^ 
35 there. ^ ''^'^st23. The movable die 213 is brought to a standstill 

In order to reduce breakage of reinfordSS)T4^urina1^?n^T^ °^ ^ *" die 210. 

tion pressure, the compr^ion strote is p^S^ro , So 50 mm^r^r '^2 "^'T" °' " ^^'^^^'^^ '"^ 
empteyment of a compression stroke of 1 mm t^o mm T, k ^ ' T'* P'-^'erably 1 mm to 10 mm. Through the 
theoca.rrenceofanT;,pea,an?ed^2t.^:^^^^^^^ 
^n^tJ.above-mentioneds.ate.amolt^ 

tion V2 where the thickness of the cavitr21 O^^t^ ^ ^ *° *^ die 213 to posi^ 

a standstill there. The thickness^r^^ «Xl?J^sTe,^^Z'?K^^^ "^^ ^ 

ume of a molten resin to be injected ^ ^'^ "^"^ 2^°^ substantially assumes the vol- 

siveforceappliedtothemSTrSin :^llr^^^^^^^ 

soasTo^:;:itrmc:ss;'ir2iTto^^^^^ 

Hg. 15(C). The movable die 213 is ^ouJS a ^nSj, °* '^""^ ''^-^ «25 as shown in 

^^:1;Sr^^«fofTemc:'aS:s 

. a resin employed, eto.. for e^t!:!r^^:2 ^n^ei" SS;^S.rmr."?oir^rfL^ 
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purpose of reliably transferring the profile of the molding, surface of the die 21 0 to the molten resin. 

When the movable die 213 is retreated as disscribed above to thereby expand the cavity 21 OA, a springback phe- 
nomenon causes the molten resin to expand. Specifically, reinfbrcing fibers contained in the molten resin are released 
from compression and thus apply an elastic restoring force to the molten resin; consequently the molten resin expandS;i 

5 After the movable die 2 1 3 reaches the position W2, the gas feed unit 250 is activated. Gas and a liquid coolant are, 

introduced into the molten resin contained in the cavity 210A through the pin-and-sleeve arrangement 220. 

The pressure of gas introduced is. for example. 0.01 MPa to 20 MPa Particularly, through the enrployment of a rel- 
atively low gas pressure of 0.01 MPa to 1 Mpa. there can be further reliably prevented the occun-ence of a large hollow 
within a molding and the occun^ence of an appearance defect which would othenwise result due to gas leakage to the 

10 exterior of the molten resin, and there is no need for employing high-pressure gas facilities with a resultant reduction in 
equipment cost. 

Accordingly, the sixth embodiment provides actions and effects similar to those of the fifth embodiment described 
previously. Additionally, since a molten resin is compressed and fills the die cavity 21 OA through the movement of the 
movable die 213, there can be obtained even a thin molding which would othenwise not be ot3tained due to a failure to 
75 fill a molten resin throughout the die cavity 21 OA merely by an injection pressure. Also, even when, for reason of reduc- 
tion in weight, glass fibers cannot be contained in an amount sufficient to attain a required expansion, the required 
expansion can be attained with the assistance of the injected gas. 

Next, a seventh enr^xxiintent of the present invention will be described with reference to Fig. 16. The seventh 
embodiment is different from the sixth emtxxiimertt in that an obtained molding includes an integral facing material and 
20 uses equipment configuration identical to that of the sixth embodiment. 

Fig. 16 shows a molding procedure according to the seventh embodiment. 

The molding procedure of the seventh embodiment will now be described. The seventh embodiment also employs 
the injection molding machine 201 employed in the fifth and sixth embodiments. However, the stationary die 21 1 and._ 
the movable die 213 of the movable die 212. which define a cavity 21 1C. have the same dimension in the width direc-; 
25 tion. . 

First, the die 210 is attached to the injection molding machine 201. and a facing material 214 is attached onto the 
niovable die 213 of the die 210 as shown in Fig. 16(A). Resin pellets are charged into the injection cylinder 21 1 of th^ 
injection apparatus 201 A. Then, the injection molding machine 201 is started, thus starting to plasticize and knead resin 
pellets contained in the injection cylinder 21 1. Through kneading, countless glass fibers are uniformly distributed in a. 
30 molten resin and intertwined, thus facilitating the occurrence of a springback phenomenon. 

In relation to the attachment of the facing material 214 onto the movable die 213, the movable die 213 may be pro: 
vided with attachment mearis. such as pins or vacuum chuck holes, for securing the facing material 214 to the movable 
die 213. Such attachment means enables the automatic attachment of the facing material 214 onto the movable die 
213. 

35 The facing material 214 may be attached onto the stationary die 210A instead of the movable die 213, 

Examples of the facing material 214 include singie*layer materials, such as woven fabrics, nonwoven fabrics, ther: 
moplastic resin facing materials, expanded thermoplastic resin facing materials, and films printed with patterns or the 
like; and multilayered facing materials, such as a thermoplastic elastomer, vinyl chloride resin, or a like facing material 
which is lined with a thermoplastic resin, an expanded thermoplastic resin, or the like. 
40 The die-clamping apparatus 205 is activated so as to move the movable die plate 204 toward the stationary die 
plate 203. causing the clamping-lbrce-bearing block 203B on the side of the movable die plate 204 to abut against the 
clamping-force-bearing block 203A on the side of the stationary die plate 203. 

Next, the die-moving apparatus 240 is activated so as to move the movable die 213 to position X2 where the cavity 
210A of the die 210 assumes a volume larger than that of all the molten resin to be injected into the cavity 210A. The 
45 thickness of the cavity 21 OA becomes t26 (see Fig. 1 6(A)). 

In the above-memioned state, a molten resin is injected into the die 210 from the injection apparatus 201 A. When 
alt the molten resin is injected into the cavity 21 OA, the injection of the molten resin is completed. 

Immediately before or after the completion of injection of the molten resin or after the elapse of a predetermined 
time following the completion of injection of the molten resin, the die-moving apparatus 240 is activated so as to 
so advance the movable die 21 3 to position Y2 where the cavity 210A of the die 21 0 assumes a volume smaller than that 
con-esponding to a molding, as shown in Fig. 1 6(B). The thickness of the cavity 21 OA becomes t27. 

As a result of the advancement of the movable die 213. the molten resin contained in the cavity 21 OA is com- 
pressed, fills the cavity 21 OA, and thus is closely pressed against the facing material 214 by a compressive force 
applied to the molten resin. Accordingly, the molten resin is bonded to the facing material 214. 
55 As soon as the movable die 213 reaches the position Y2. the movable die 213 is retreated to position 22 where the 
cavity 21 OA of the die 210 assumes a volume con-esponding to a molding. The thickness of the cavity 21 OA becomes 
t28(seeFig. 16(C)). 

The retreat rate Vr of the movable die 213 is 0.05 mm/sec to 100 mm/sec, preferably 0.05 mm/sec to 50 mm/sec. 
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When the movable die 2 1 3 is retreated o en ■ u 
glass fibers contained in the molten resin ar^ ^"^^ motten 

resin to exoand SoprifiraHw 

the moften resin; consequently, the motten resfn^^rthlS^"" ^"'^ ^'^ ^" fo S to 

Thus, there ,s obtained a lightweight molding 5l^uni!^''SL*'r'"l~""*'"^ ^ -"olten rSin 

When the mo^e die 213 reaches the f^l TZl ^'T, °' "^'"9 material employed 

is activated so as to retrir^feToS^^^^^^ 

.^£iE^^^^^^^ the ^ and si. en^imer. 

.ndudes the laang materal 214 used for covering the suSc; of^e^rS^'"** ^ "^W^^S 



in^udesfhetac^g™:— --^^^^^^ 
'5 EXAMPLES 

Thepresem invention wfl, next be described specifically by ^y Of examp^^^ 
Example 1: 



• Pellet composition: 

Polypropylene: 58% by weight- 

^Tff^T^'^ polypropylene: 2% by weight 
Glass fibers (diameter; 10 ^): 40% by wight 

• PeHet length: 10 mm 

• Contained glass fiber length: 10 mm 

• l*^* index (MO of polypropylene: 60 g/IOmin. (230-0. 2.16 kgf) 

rs^^^rrrsr^frx^'ir^^ 

• Diameter of molding 15: 800 mm 

• Thickness of molding 1 5; 1 6 mm 

c) Injection molding machine- A oenArai-^..^ ■ . 

^•^«-««'-P-P°se.n,ect.onmoWingmachineequippedwithfhedi.^^^^ 

• plamping force of die-damping apparatus s aso* 

• P«meterofNozzlel2ofin5e4^^S^,^,^Omm 

• Section temperature Of molten res^-S^cU JT. ^- • 

esin. Z50 c (as measured in injection cylinder 1 1) 



installed along the molding sur- 



(FIG. 2) and including the following 



CohS"^""" ' "^'"^ "^""^ ^^^'^ *o «.s. embodiment 

(1) Before the molten resin wa<;inior+aw 

/ox^ 'winetn.cknessti of the cavity ibrmed by the movable die 

(2) The molten resin was plasticized and measured in advance «nrt • ■ . • 

^ "njected into the interior of the die 10 
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in an amount equivalent to the volume of the cavity having a thickness t1 of 4 mm. 

(3) Immediately after the injection of the molten resin was completed, the movable die 10B of the die 10 was 
retreated to the position T and allowed to stand still. The position T was set such that the thickness f2 of the^ 
cavity formed by the movable die 10B became 16 mm. 
5 (4) Immediately after the movable die 10B reached the position T, injection of nitrogen gas was started. Thel 

injection pressure of nitrogen gas was set at 5 kg/cm^ gauge. 

Example 2: 

10 The molding of Example 2 was obtained in a manner similar to that of Example 1 except that the steps (3) and (4) 
in the molding procedure of Example 1 were replaced by the step (5) as described below. 

(5) After the injection of the molten resin was completed, the provable die 108 of the die 10 was allowed to start 
retreating to the position T At the same time, injection of nitrogen gas was started. When the movable die 10B 
75 reached the position T. it was allowed to stand still. The position T was set such that the thickness t2 of the cavity 
formed by the movable die 1 0B became 1 6 mm. The injection pressure of nitrogen gas was set at 5 kg/cm^ gauge. 

Example 3: 

20 The molding of Exannple 3 was obtained in a manner similar to that of Example 1 except that the gas pressure was 
100 kg/cm^. 

Example 4: 

. 25 The molding of Example 4 was obtained in a manner similar to that of Example 1 except that 1 .5 parts by weight of , 
a foaming agent were added to 100 parts by weight of the molding material of Example 1 . (The addition of the foarhing" ^' 
agent was achieved by adding 5 parts by weight of master batch pellets (trade name: POLYSLEN TS-182. product of ' 
Eiwa Kasei Kogyo Co.. Ltd.). which contained the foaming agent in an amount of 30% by weight.) 

30 Example 5: 

In Example 5. an autonnibbile interior material, specifically, a door panel 16 as shown in FIG. 18. was molded by use 
of the die and injection molding machine described in the second embodiment (FIG. 3) of the present invention. 

The molding material, die, injection molding machine, and molding procedure used in this Example will next be 
35 described in detail. 

a) Molding material: Fiber-reinforced thermoplastic resin pellets comprising maleic-acid-mbdified polypropylene 
and glass f ibers. 

40 • Pellet composition: 

Polypropylene: 64% by weight 
Maleic-acid-modified polypropylene: 1% by weight 
Glass fibers (diameter; 16 ^m): 35% by weight 

45 

Pellet length: 1 6 mm 

Length of contained glass fiber: 16 mm 

Melt index (Ml) of polypropylene: 60 g/10 min. (230*'C, 2.1 6 kgf) 

so b) Die: A die having a cavity for molding the door panel 16. 

Diameter of gate: 6 mm 

Dimensions of door panel 16 (see FIG. 18) 

55 Width (W1): 720 mm 

Height (HI): 16 mm 

Length of lower hem in FIG. 18 (W2): 400 mm 
Length of right-hand side in FIG. 18 (H2): 280 mm 
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'^^•^•^■■^^^^^^^^^^^ 

• Clamping force of die^amping apparatus 5: 8501 

• '"jection temperature of molten resin 250oc^a«m«o. ^ . . . 

esin. ^ou c (as measured in injection cylinder 11) 

d) Molding procedure: A molding Drocedurear-«,«*„ » ^ 

mg steps (1^(4): ''^^"'^""~'^"«*°*«^'«'e"*odimem (FIG. 3) and including tt,efo 

* (1) Before the molten resin was iniortflri ._. 

contained in tt,e cavity. """"" ^.e 1 0B was advanced to compress the molten resin 

(4) Immediately after tfie movable die lOB reached th« w 

retreating to the posHion W. At the same tiri? inSb^n ' "^'^ '^'^ "■^^ ^'^^ to start 

su* that the thickness tS of the cavHy forJS't^J'S";^!^:" ^.'"^^ P««on W wasT^ 

of nitrogen gas was set to 7 kg/cm2 gauge *® 6 Nection pressure 

Comparative Example 1 : 

The molding of Comparative Example 1 was ohtein^^ i» 
- 25 except that the movable die 10B was fixed at^! ^-^ ^''""^^ to that of Example 1 described ah«„« 

from the start of inJec«on to the coi^lI^olmoldT" ^'"^^^ ^^^^.fZ 

The elapsed time from the start of injection of th-T^^K 
we Example 1 was the same as that in E^Se i "^"^'"^^ '^^^ o* nitrogen gas in Compara- 

30 Comparative Example 2: 

The molding of ComparatiVe Examnio o 
Of lowpressure gas performed in Ex^lflwrrSjS;rer"""^ 
35 Comparative Exanple 3: 

The molding of Comparative Examole 3 w»<: nhtei„<^^ • 
reonforced polypropylene pellets havinggiai7Sr*Trwein^^r^"''f ""'^^ *° °^ ^"^^ 2 «cept that fber- 

^ -----used^edoft;eV;^s^;r4s^^^ 

Comparative Example 4: 

The molding of Comparative Example 4 wa<i nhtei„=x • 
that 1.5 parts by weight of a foaming St ftte J^^ ^ "^""^r similar to that of Comparative Example 3 excpr^ 
« theglassfiber.anforcedpolypro^rnr^*'"'''^'"^^"^^'*^^'^'^*^ 

Comparative Example 5: 

The molding of Comparative Examnlfi ^ 
- «-ofgaspedormedinExample2w^;;;:^*S ■"''^""'^^'"■^^ 

Results nff>vp^r|.p^n|. 

The products obtained in Examoles i tn «; o ^ o 
« lowing evaluation methods A) to E) Comparative Examples 1 to 5 were evaluated according to the fol- 
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B) Each of the products was cut at the central portion thereof, and the cross-section was visually observed for the 
internal condition of expansion. 

C) Each of the products was visually observed for appearance and the smoothness of surfaces to thereby be eval- 
uated for appearance. 

D) In each of the experiments described above, a plurality of moldings were manufactured and cooled for respec- 
tive cooling times, which differ by increments of 20 seconds. Moldings free of thermal expansion or thermal shrink- 
age were evaluated as acceptable products. In each of the experiments, the shortest cooling time required for 
obtaining an acceptable product was deemed the cooling time. 

E) Each of thus-obtained products was placed on two jigs positioned 400 mm apart in the atmosphere of -40"C. A 
steel ball having a weight of 3.6 kg was allowed to fall onto the product. The height was increased until the product 
was destroyed. The fracture strength of the product was evaluated according to the height which caused destruc- 
tion. 

The results of evaluation according to these evaluation methods are shown In Table 1 below. 
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Example 4 


Example 3 


Example 2 


Example 1 




1 ^ 
1 ^ 


o 


o 


o 


1 ''^ 
1 • 

1 ^ 


Expansion 
ratio 


No large 
internal hollow 
was observed. 
Good expansion. 


No large 
internal hollow 
was observed. 
Good expansion. 


Inner hollow was 
formed around 
the gas 
injection 
portion. 


No large 
internal hollow 
was observed. 
Good expansion. 


No large 
internal hollow 
was observed. 
Good expansion. 


Inside of 
molding 


1 Evaluation of product 


Excellent. No sink 
mark, silver mark 
or the like was 
observed on 
surface. 


No sink mark but 
some silver marks 
were observed on 
surface. 


Wall thickness in 
the vicinity of 
gas injection port 
was thin. 


Excellent. No sink 
mark, silver mark 
or the like was 
observed on 
surface. 


Excellent. No sink 
mark, silver mark 
or the like was 
observed on 
surfaces. 


Surface condition 
of molding 
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According to Example 1 . the molten resin is sufficiently expanded; thus, weight reduction is sufficiently attained. In 
addition, thus-obtained products are endcTwed with impact strength as well as excellent appearance. Further, cooling 
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in Example 5. there are attained, as in Examoles i anw o • ^ 

The impact resistance in ExamDie 5 is . • 

Examples: 

Pellet composition: 

Polypropylene: 58% by weight 

aa^ft"*^"'^ 2% by weight 

Glassftoere (diameter; 10 Mm): 40%by weight 

• PeHet length: 14 mm 

• Length of contained glass fiber: 14 mm 

• (MO Of polypropylene: 60 g/l0min.(230oc 2 16 kgO 

.™.,.„._j 
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die 10A. The movable die 10B is equipped with a heater oriented along the periphery of the molding 15. The sta- 
tionary die 10A has a cooling path for the passage of cooling water at 5 ''C. 

Diameter of molding 1 5: 800 mm 
Thickness of molding 15: 19 mm 

d) Injection molding machine: A general injection molding machine equipped with the die-moving apparatus 20. 

Clamping force of die-damping apparatus 5: 850 1 
Diameter of Nozzle 1 2 of injection cylinder 11:10 mm 

Injection temperature of molten resin: aso^'C (as measured in injection cylinder 1 1 ) 

d) Molding procedure: A molding procedure according to the third embodiment (FIG. 4} and Including the following 
steps (1H5): 

(1) Before the molten resin was injected, the movable die 10B of the die 10 was moved to the position X and 
allowed to stand still. The position X was set such that the thickness t6 of the cavity formed by the movable die 
1 0B became 18 mm. 

(2) The molten resin was injected into the Interior of the die 10 from the injection apparatus 1A in an amount 
equivalent to the volume of the cavity having a thickness of 4 mm. 

(3) Upon start of injection of the molten resin, the movable die 1 0B was advanced to compress the molten resin 
contained in the cavity. 

(4) Immediately after the movable die 10B reached the position Y the movable die 108 was allowed to start 
retreating to the position Z. The position Z was set such that the thickness t8 of the cavity formed by^e rnov- 
able die 1 0B became 19 mm. 

(5) Immediately after the movable die 10B reached the position Z. injection of gas of liquefied cartx)n dioxide 
was started. The injection pressure of gas was set to 8 kg/cm^ gauge. / 

Example 7: 

The molding of Exanrple 7 was obtained in a manner similar to that of Example 6 except that the steps (4) and (5) 
in the molding procedure of Example 6 were replaced by the step (6) as described below. 

(6) Immediately after the movable die 10B reached the position Y, the movable die 10B start retreating to the posi- 
tion Z. At the same time, injection of gas of liquefied carbon dioxide was started. In Example 7, the thickness t8,pf 
the cavity was set to become 1 9 mm. and the injection pressure of gas was set to 8 kg/cnrr^ gauge, as in Example 6. 

Examples: ' 

In Example 8. the movable die 108 was allowed to stand still at the position where the volume of the cavity is equiv- 
alent to the total Injected volume of the molten resin. Then the molten resin was Injected into the die. Subsequently, 
retreat of the movable die lOB'to the position Z was started. In other words, the molding of Example 8 was obtained in 
a manner similar to that of Example 6 except that the step of compressing the molten resin by advancing the movable 
die 108 performed in Example 6 was not performed. 

Comparative Example 6: 

The molding of Comparative Example 6 was obtained in a manner similar to that of Example 6 except that injection 
of gas performed in Example 6 was not performed. 

Comparative Example 7: 

The molding of Comparative Example 7 was obtained in a manner similar to that of Example 6 except that fiber- 
reinforced polypropylene pellets having glass fibers of a weight average fiber length of 0.51 mm and a glass f toer con- 
tent of 40 wt.% were used instead of the fiber-reinforced thermoplastic resin pellets used in Example 6. and that 1 .5 
parts by weight of a foaming agent (the same one as used in Exaniple 4) were added to 1 00 parts by weight of the mold- 
ing material as desaibed in Example 4. 
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Resurts of f xperimf n^- 



10 



The products obtained In Examoles fi tn « 
aforementioned evaluation methoc^^, to ofand "l^SnTmltSl?''' ' ' ""^^ ^'"^'^ «° 

2re^yt^^Srfe?SSSon.^^^°^"*c.mep^^ 

The resute of equation according to these evaluation methods are sho«^ in Table 2 beta*. 
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According to Example 6, the molten resin is sufficientiy expanded: thus, weight reduclion is sufficiently attained. In 
addition, properties of the facing material are not impaired, and excellent appearance is attained. Further, cooling time 
can be reduced. 
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Examples: 

The molding material, molding, die. Dln-and-sle«,« _ • 

- tions employed i. ftis Example J nex, be dSSSTln "«>Wing condi- 

Se:;rsnSiSs:?sr""^ mostron . , 

2^ 1) Pellet diameter: 2 mm 

2) Pellet length: 12 mm 

3) Glass fiber corrtent: 40 wt % 

4) Glass fiber length: 12 mm (the same length as pellets) 

b) Molding: A rectangular flat plate: 

1 ) Length of molding' 600 mm 

2) Width of molding: 300 mm 

3) Thickness of molding: 1 2 mm 

pi S'^'. w"^^ Of Pin-and-sleeve arrangement: 120 mm 

2) Internal diameter of sleeve element: 3 mm 

3) Outside diameter of sleeve element: 5 mm 
4 Diameter of tip surface of pin element: 3 mm 

2 . K °l °' sleeve element from pin element 2 mm 

6) Length ofprotn^ion of pin-and-sleeve anang'emer*rrm ^darea: 2 mm 

e) Injection molding machine: A horizontal type iniection mnwi,-. 

Heavy Industries, Ud., clamping force: 850 XhTs a^^ (850MGW-160. product of Mitsubishi 

3) 1^ («poim ™xi™„ inierton 
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4) Thickness of Cavity (see FIG. 9) 

Thldoiess t1 2 at the time of resin injection: 4 mm ^ 
Thickness t13 at the time of resin expansion: 12 mm (expansion ratio; 3) 

5 

5) Timing of start of retreat of movable die: 4.2 seconds (after start of injection) 

Timing of completion of retreat of movable die: 5.2 seconds (after start of injection) 

10 6) Timing of gas Injection: 7 seconds (after start of injection) 

7) Gas pressure: 0.5 MPa (When gas failed to tye injected into the molten resin at 0.5 MPa» the pressure was 
gradually raised to the level which albwed gas injection, with the maximum pressure being 1.0 MPa.) • 

8) Cooling time: 60 seconds 

75 Example 10: 

The molding in Example 10 was obtained in a manner similar to that In Example 9 except that a pin-and-sleeve 
arrangement as shown in FIG. 10 was used instead of the one used in Example 9. 

20 Results of exoeriment : 

The products obtained in Examples 9 and 10 were evaluated for their appearance. The results of evaluation are 
shown in Table 3. Table 3 also shows the gas pressures which permitted gas to be injected into the molten resin. 
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Table 3 





Gas pressure (MPa) 


Appearance 


Example 9 


0.5 


Good 


Example 10 


0.5 


A few sink marks were formed. 



Table 3 shows that since a pin-and-sleeve anrangement having the sleeve element protruding from the tip of the pin 
element was used for molding in Example 9, the moldings exhibited excellent appearance having no deficiencies such 
35 as sink mark. Since a pin-and-sleeve arrangement having an acuminated tip of the pin element used in Example 10 
allowed a slightly smaller amount of gas to be injected into tiie molten resin than a pin-and-sleeve arrangement used in 
Example 1 , slight sink mark was formed. This Is believed to have resulted from tiie fact that the surface of the molten 
resin pressed by gas was tilted, to thereby cause the gas to be concentrated at the top part of the surface of the molten 
resin and result in failure to uniformly fill the top space with gas. 



Example 11: 



In Example 1 1 , a molding was molded by use of the die. injection molding machine, and molding procedure 
described in the seventh embodiment (FIG. 16) of the present invention. 
45 The molding material, molding, die, pin-and-sleeve arrangement, injection molding machine, and molding condi- 
tions employed in this Example will next be described in detail. 

a) Molding material: Glass fiber-reinforced polypropylene pellets (trade name; MOSTRON L L-4000P, product of 
Idemitsu Petrochemical Co., Ltd.): 



1) Pellet diameter: 2 mm 

2) Pellet length: 12 mm 

3) Glass fiber content: 40 wt.% 

4) Glass fiber length: 12 mm (the same length as pellets) 
b) Mokling: A rectangular flat plate: 

1) Length of molding: 600 mm 
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2) Width of molding: 300 mm 

3) Thickness of molding: 1 2 mm 

d) P.n.and-s.ee.e arrangemem: A pin^nd-slee^e arrangem J^^^^^ 

V^ Sl^" P'"-^^-s'ee^'e arrangement: 120 mm 

2 Distance (D) between flat portions of pin element: 3 mm 
3) Clearance (t) of gas passage: 0.05 mm 
4} Length (q of protrusion of sleeve element from pin element 2 mm 

f) Mold»,g Condrtons: A molding procedure accordmg to the afbre^onS^j^n,: 

1) Molding temperature: 2S0-C (as measured in injection cylinder) 

2) Die temperature; eO'C ' 

3) Resin injection pressure: 60% (set point for rated maximum injection pressure) 

injerton speed: 70% (set point for rated maximum injection speed) 
Injection time: 3.8 seconds 
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4) Thickness of Cavity 



Thickn«s t26 at fhetime of resininjecdon: 12 mm 

Thickness 127 at the time of resin compression: 3 mm 

Thicimess t28 at the time of resin expansion: 9 mm (expansion ratio: 3) 

5) Timing of start of advance of movat)le die: 3.0 seconds (after start of injection) 

■nmir,g of start of retreat of movable die: 5.0 seconds (after start of injection) 

Timing of completion of retreat of movable die: 6.0 seconds (after start Of injectbn) 

6) Timing of gas injection: 6.5 seconds (after start of injection) 

Caas pressure: 0.5 MPa 
*' Gas flow rate: 3 liters/min. 

7) Liquid refrigerant: water 

fim^r ' {l5-to.d-expand«l polyprop^ene layer/k»lyvinyl chlorWe imitation 

45 

are differ by increments of 1 0 s^SJ^MorrSsT^rth^^fJl ^ '"^^'^ 
acceptable products. In this experimemT sSoiS lSinTtrr''!::i'^'' ^'""^^^ ^ 

so deemed the cooling lime. The^rLlts^; Si^tS^^""' '^""^ «««P»«ble P'Oduct was 
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Cooling time (sec) 


Amount of gas used (lit- 
ter) 


Example 1 1 


20 


1 
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According to Table 4, the cooling time in Example 11 is as extremely short as 20 seconds. In addition, although gas 
is released at the time of molding in Example 1 1 . only a small amount of gas Is used. 

The above-described embodiments and examples are to be considered illustrative and not restrictive. The present 
invention is not to be limited thereto, but may be modified without deviating from the gist of the Invention. 

For example, the thermoplastic resin serving as the main component of resin pellets is not limited to polyprppylene. 
but may be any of polyolefin resins such as propylene-ethylene block copolymers and polyethylene, polyethylene res- 
ins, polystyrene resins. ABS resins, polyvinyl chloride resins, polyamide resins, polyester resins, polyacetai resins, poly- 
cartx>nate resins, aromatic polyether or thioether resins, aromatic polyester resins. polysuKone resins, and acrylate 
resins. The specific conposition of a thennoplastic resin can be selected as adequate so long as tiie thermoplastic 
resin enables the manufacture of a molding reinforced with glass fibers. 

Reinforcing fibers contained in resin pellets are not limited to glass fibers, but may be ceramic fibers, inorganic fib- 
ers, metallic fibers, organic fibers, or the like. Reinforcing fibers to be used may be selected as adequate when the 
Invention is used In practice. 

Although in some of the examples a foaming agent was not contained in a molding material, a foaming agent can 
be contained in a molding material in an amount of not greater than 3 parts by weight based on 100 parts by weight of 
the molding material. 

By virtue of a molding material containing a foaming agent as above, even when springback phenomenon alone 
fails to induce recovertng force of fibers, the retreat of a movable die enables the molten resin to be reliably expanded 
to the volume of an intended molding even when gas injection pressure is insufficient due to low gas pressure, since 
the foaming of the foaming agent compensates for the lack of fiber recovering force. 

When the content of a foaming agent is in excess of 3 parts by weight, silver mark is often formed with a resultant 
impairment in appearance, and a relatively large hollow may be formed in a molding, resulting in significant inpairment 
in strength and rigidity. 

An inlet for gas is not limited to a pin-and-sleeve arrangement (gas nozzle) that a die cavity is equipped with, but 
may be a gas nozzle (pin-and-sleeve arrangement) that communicates to a sprue or runner inside a die. or to a nozzle . 
of an injection cylinder. 

Gas injected into a molten resin is not limited to nitrogen gas, but inactive gas such as argon gas which does n6t 
easily react with the resin from which a molding is molded is preferred. V 
When Injected gas is used for cooling, preferred examples include gas and liquefied cartoon dioxide that are cooled 

to ^5°C or lower. 

A liquid refrigerant may be injected into air gaps of the moldings following gas or the refrigerant and gas may be. 
injected simultaneously. * 

A liquid refrigerant is not limited to water, but may be liquefied carbon dioxide; alcohols including a monohydric 
alcohol such as metiianol or ethanol, a dihydric alcohol such as ethylene glycol or trimethylene glycol, and a trihydric 
alcohol such as glycerine; ether such as dimethyl ether and diethyl ether; or solutions in which salts such as calcium 
chloride and magnesium chloride are dissolved. Such liquid refrigerants which are liquid at room temperature may be 
selected as adequate. 

A tLA)e for providing gas to the molding may be separate from a tube for providing a liquid refrigerant to the molding. 

According to the present invention, there is obtained a lightweight molding having excellent mechanical character- 
istics such as strength, rigidity, and heat resistance. Also, tiie molding exhibits excellent appearance having no deficien- 
cies such as sink mark. In addition, productivity can be significantly improved due to high cooling efficiency. 

Since a pin-and-sleeve arrangement having the edge of the sleeve element protruding from the tip of the pin ele- 
ment toward the gas exit is used for expanding the fiber-containing resin for molding, the gas pressure inside the top 
space sun-ounded by the tip of the pin element and the sleeve element can be Increased even when the pressure of gas 
to be injected into a gas path is low. Therefore, gas is reliably injected into the rriolten resin by thrusting through the out- 
ermost surfece layer of the molten resin in a sufficient amount. Thus, injected gas enables the molten resin to be cooled 
in a state in which the molten resin is pressed against tiie mold area of the die. to thereby reliably prevent impairment 
in appearance such as sink mark. 

Further, as soon as the gas pressure is increased to a level which is high enough to tiirust through the outermost 
surface layer of the molten resin, gas is released toward the inside of the molten resin, to thereby prevent the gas pres- 
sure from becoming too high. Thus, since the gas pressure upon injection into the molten resin can be adjusted to the 
minimum pressure required for thrusting through the outermost surface layer, a large hollow is not formed in the mold- 
ing, to thereby endow the molding with excellent strength. . 

In addition, when a liquid refrigerant is used in addition to gas, cooling time can be reduced. 

Claims 

1- A method of obtaining a gas-introduced ftoer-reinforced resin injection molding, comprising the steps of: injecting 
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ers having a length of 2 mm to 100 mm. me rskZZ ^T^^ pellets which contain reinforcing fib- 
;T«teriai. thedie including a movable die ca^etS^^^rr^ant^^^ weight of the moUing 

«herem after the injection of the mofter, rSft^cSTsS^^T^ r ""T ^ '"''^"^ "^"^ « ' 
where the die cavity assumes a volume corresooiSina teX^,^^ ^ *® retreated to a position 

filling the die cavity. ^ corresponding to the molding, and gas is introduced into the moltarrS 

resin filling the die cavity. « me start of retreat of the movable die, in order to compress the molten 
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15. The method according to claim 13 or 14. wherein 
the sleeve element is cylindrically formed; 

the pin element is formed substantially in the shan*» nf thr. i^4*^ -r ^ • . 
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covers the gas-inlet-side opening of the sleeve element; and 

the gas flow passage has a gas inlet comprising slits formed in the anchorage portion. 

16. The method according to any one of claims 13 through 15. wherein the gas*oiitlet-stde end of the sleev%,element 
5 projects beyond the tip of the pin element in an amount of 0.1 mm to 3 mm. 

17. The method according to any one of claims 1 through 13, wherein a gas is introduced into the molten resin and 
simultaneously a liquid refrigerant is supplied. 

10 18. The method according to claim 17, wherein the gas alone is first injected into an air gap of the molding, and sub- ' 
sequently, a combination of the gas and the liquid coolant Is injected into the molding. 

19. The method according to claim 17 or 18. wherein the liquid coolant supplied along with the gas is vaporized and 
released to the exterior of the die. 
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20. The method according to any one of claims 1 through 19, wherein a facing material for covering a molding is 
attached to the die prior to start of molding. 

21 . A molding obtained by use of the method as described in any one of claims 1 through 20. 

22. The molding according to claim 21 , wherein the average fiber length of reinforcing fibers contained in the molding 
is not less than 2 mm. 
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Pig. 5 
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Fig. 6 
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